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Increasing the molecular weight of polvcondensareis 

The invenUon relates to a process for increasing the molecular weight of polycondensates 
and to the polycondensates obtainable by the process. 

Polycondensates. such as polyamides. polyesters and polycarbonates, are important engi- 
neering plastics with a wide variety of potential uses, for example in the form of films. 
botUes, fibres and injecUon mouldings. It is common to these polymers that they are pre- 
pared by polycondensation reactions. For technical orkineUc reasons, the synthesis of 
these polymers frequenUy does not give high molecular weights. Polymers having high 
molecular weights are therefore prepared by condensation in the solid phase. 

Damage to such polycondensates during processing and use predominantly results, owing 
to chain cleavage, in polymer fragments containing functional terminal groups. Since the 
mechanical and physical properties are crucially dependent on the molecular weight of the 
polymer, high-quality recycling of used polyamides. polyesters and polycarbonates and 
their production waste, for example from fibre production and injection moulding, is fre- 
quenUy only possible to a restricted extent without aftertreaunent owing to the reduced 
molecular weight 

An improvement in the material properties of used or Uiermally or hydrolytically pre- 
damaged polycondensates is possible in principle. For example, they can be subjected to 
post-condensation in the solid sute [S. Fakirov. Kunstsioffc 74. 218 (1984) and 
R.E. Grtitzner eial.. Kunststoffe 82. 284 (1992)]. However, this known method is protrac- 
ted, and in addition is sensitive to impurities, as may be present in used material. 

Furthermore, EP-0 410 230 has proposed carrying out the solid-phase condensation of 
polyamides using phosphoric acid, phosphorous acid or phosphonous acid as catalyst 

F. Mitterhofer has described studies using a diphosphonite as processing stabilizer in poly- 
mer recyclales (C.A. 91, 124534). 

EP-A-0 090 915 describes a process for the condensation of poIy(alkylene lerephthalate) 
in the solid phase in the presence of esters of phosphorous acid, for example triphenyl 
phosphite, at from 25 to 65°C below the melting point of the poIy(alkylene terephthalate) 
while passing a stream of inert gas Uuough Uie mixture. 
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The present invention therefore had the object of developing a process for post-condensa- 
tion in the solid phase which allows an increase in the molecular weight of polyconden- 
sates, such as polyesters, polyamides and polycarbonates, and of corresponding copoly- 
mers and blends in a relatively short time and/or improves the properties of the polycon- 
densate. 

The invention thus relates to a process for increasing the molecular weight of polyconden- 
sates. which comprises heating a polycondensate in the temperature range below the mel- 
ting point and above the glass transition temperature in the solid phase of the polymer with 
addition of at least one sterically hindered hydroxyphenylalkylphosphonic ester or mono- 
ester. 

This increase in molecular weight results in an improvement in the properties of the poly- 
condensates, which becomes evident, for example, in the injection-moulding sector, extru- 
sion sector and in particular in rccyclates. With the aid of the novel process, an increase in 
molecular weight can be achieved, in particular, in polycondensate recyclates from the 
collection of used industrial parts, for example from automobile and electrical applica- 
tions. This allows recyclates to be re-used for high-quality applications, for example as 
high-performance fibres, injection mouldings, extnision applications or foams. Such recy- 
clates also originate, for example, from industrial or domestic collections of valuable 
materials, from production waste, for example from fibre production and trimmings, or 
return obligations, for example collections of PET drinks bottles. 

The invention also relates to a process for increasing the molecular weight of polyconden- 
sates, which comprises heating a polycondensate in the temperature range below the mel- 
ting point and above the glass transition temperature in the solid phase of the polymer with 
addition of at least one sterically hindered hydroxyphenylalkylphosphonic ester or mono- 
ester and in the presence of at least one polyfunctional compound selected from the class 
consisting of the epoxides, oxazolines, oxazolones, oxazines, isocyanates, ahydrides, acyl- 
lactams, maleimides, alcohols, carbodiimides and esters. 

The invention furthermore relates to the preparation of branched, crosslinked and partially 
crosslinked polycondensaies. This can be carried out, in particular, by addition of the 
abovementioned polyfunctional compounds. An insoluble polycondensate is obtained 
which can be used, for example, for the production of foams. 
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The polycondensate is preferably a recycled polycondensate. 

The novel process is of particular interest when the polycondensate is a polyamide. a poly- 
ester, a polycarbonate or a copolymer thereof. 

Besides polyesters, polyamides and polycarbonates, the present invenaon also covers the 
corresponding copolymers and blends, for example PBT/PS. PBT/ASA. PBT/ABS 
PBT/PC. PET/ABS, PET/PC. PBT/PET/PC. PBT/PET. PA/PP. PA/PE ^d PA/ABS. 
However, it must be taken into account that the novel process, like aU methods aUowing 
exchange reacUons between the blend components, can result in a modification of the 
blend, i.e. in the formation of copolymeric structures. 

The terai polyamides. i.e. both fresh polyamides and recycled polyamides. is taken to 
mean aliphatic and aromaUc polyamides or copolyamides derived from diamines and di- 
carboxylic acids and/or from amino carboxyUc acids or the corresponding lactams. 
Examples of suitable polyamides are: PA 6, PA 1 1. PA 12. PA 46, PA 66. PA 69, PA 610. 
PA 612. PA 10.12. PA 12.12, and amorphous polyamides of the Trogamid PA 6-3-T and 
Grilamide TR 55 type. Polyamides of this type are known in general terras and are 
commercially available. 

The polyamides arc preferably crystalline or partially crystalline polyamides and in parti- 
cular are PA 6 and PA 6.6 or mixtures thereof, and recyclaies or copolymers based there- 



on. 



Polyesters. i.c. both fresh polyesters and recycled polyesters, can be homopolyesters or co- 
polyesiers built up from aliphaUc. cycloafiphatic or aromatic dicarboxylic acids and diols 
or hydroxycarboxylic acids. 

The aliphatic dicarboxylic acids can contain from 2 to 40 carbon atoms, the cycloaUphatic 
dicarboxylic acids can contain ftom 6 to 10 carbon atoms, the aromatic dicarboxylic acids 
can contain from 8 to 14 carbon atoms, the aliphatic hydroxycarboxyUc acids can contain 
from 2 to 12 carbon atoms and the aromadc and cycloaliphatic hydroxycarboxylic adds 
can contain from 7 to 1 4 carbon atoms. 



The aliphatic diols can contain from 2 to 12 carbon atoms, the cycloaliphatic diols 



can 
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conuin from 5 to 8 carbon atoms and the aromatic diols can contain from 6 to 16 carbon 
atoms. 

The term aromatic diols is taken to mean diols in which two hydroxy! groups are bonded 
to one or to different aromatic hydrocarbon radicals. 

It is furthermore possible for the polyesters to be branched by small amounts, for example 
0.1 to 3 mol based on the dicarboxylic acids present, of monomers having a functiona- 
lity of greater than two (for example pentaerythritol trimellitic acid. I.3.S-tri-(hydroxy- 
phcnyDbenzene. 2.4-dihydroxybenzoic acid or 2-(4-hydroxyphenyl)-2-(2,4-dihydroxy- 
phenyl)propane). 

In polyesters comprising at least two monomers, the latter can be randomly distributed or 
arranged in the form of blocks. 

Suiuble dicarboxylic acids are linear and branched, saturated, aliphatic dicarboxylic acids, 
aromatic dicarboxylic acids and cycloaliphatic dicarboxylic acids. 

Suiuble aliphatic dicarboxylic acids are those having from 2 to 40 carbon atoms, for 
example oxalic acid, malonic acid, dimethylmalonic acid, succinic acid, pimelic acid, 
adipic acid, trimethyladipic acid, sebacic acid, azelaic and dimeric acids (products of the 
dimerization of unsaturated, aliphatic carboxylic acids, such as oleic acid), and alkylated 
malonic and succinic acids, such as octadecylsuccinic acid. 

Suitable cycloaliphatic dicarboxylic acids are 1,3-cyclobutanedicarboxylic acid. 1.3-cyclo- 
pentanedicarboxylic acid, 1,3- and 1,4-cyclohexanedicarboxylic acid. 1.3- and 1.4-(dicar- 
boxymethyl)cyclohexane and 4,4*-dicyclohexyldicarboxylic acid. 

Suitable aromatic dicarboxylic acids are in particular terephthalic acid, isophthalic acid, 
o-phthalic acid, 1,3% 1,4-, 2,6- and 2,7-naphthalenedicarboxylic acid, 4,4'-biphenyldicar- 
boxylic acid, di(4-carboxyphenyl) sulfone, 4,4'-benzophenonedicarboxylic acid, 1,1,3-tri- 
meihyl-5-carboxy-3-(p-carboxyphenyl)indane, di(4-carboxyphcnyl) ether, bis(p-carboxy- 
phenyl)methane and bis(p-€arboxyphenyl)ethane. 

Preference is given to aromatic dicarboxylic acids, in particular terephthalic acid, iso- 
phthalic acid and 2.6-naphthalenedicarboxylic acid. 
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Further suitable dicarboxylic acids are those containing -CO-NH- groups; they arc des- 
cribed in DE-A-2 414 349. Also suitable are dicarboxylic acids containing N-heterocycUc 
rings, for example those derived from carboxyalkylated. carboxyphenylated or carboxy- 
benzylated monoamino-s-triaanedicarboxylic acids (cf. DE-A 2 121184 and 2 533 675), 
mono- or bishydanioins, halogenated or unhalogenated benzimidazoles or parabanic acid'. 
The caiboxyalkyl groups in these compounds can contain from 3 to 20 carbon atoms. 

Suitable aliphatic diols are linear and branched aliphaUc glycols, in particular those having 
from 2 to 12. in particular from 2 to 6. carbon atoms in a molecule, for example ethylene 
glycol. 1.2- and 1.3-propylene glycol. 1.2-. 1.3-. 2.3- and 1.4-butanediol. peniyl glycol, 
neopcntyl glycol. 1 .6-hexanediol and 1,12-dodecanediol. An example of a suitable cyclo- 
aliphatic diol is 1.4-dihydroxycycIohexane. Further suitable aliphatic diols are. for 
example. 1 .4-bis(hydroxymethyl)cyclohexane. aromatic-aliphatic diols. such as p-xylylene 
glycol and 2.5-dichloro-p-xylylene glycol. 2.2-{p-hydroxyethoxyphenyI)propane and poly- 
oxyalkylene glycols, such as diethylene glycol, triethylene glycol, polyethylene glycol and 
polypropylene glycol. TTie alkylenediols are preferably linear and contain, in parUcular. 
from 2 to 4 carbon atoms. 

Preferred diols are alkylenediols. 1.4.dihydn>xycycIohexane and 1.4-bis(hydroxymethyl)- 
cyclohexane. Particular preference is given to ethylene glycol, 1.4-butanediol and 1.2- and 
1,3-propylene glycol. 

Further suitable aliphatic diols are p-hydroxyalkylated. in particular p-hydroxyethylated 
bisphenols. such as 2,2-bis[4'-(p.hydroxyethoxy)phenyl]propane. Futher bisphenols are 
given below. 

A further group of suitable aliphaUc diols comprises the heterocyclic diols described in 

DE-A 1 812 003, 2 342 432. 2 342 372 and 2 453 326. Examples are N.NVbis0.hydroxy. 

ethyl)-5.5-dimethylhydantoin, N^'-bis (^hydroxypIX)pyl^5.5.dimethylhydantoin. methy- 

lenebis[N-0-hydroxyethyl).5-methyl-5-ethylhydantoinJ.methylenebis[N-0-hydroxy. 

ethyl)-5.5-dimethyIhydanioin],N,N'-bis(p-hydroxyethyl)bcn2imidazolone.N.N'-bls(p- 

hydroxyethyl)tetrachlorobenzimida2oloncandNJi'.bis(|J-hydroxyeihyl)tetrabromobenz- 
imidazolone. 



Suitable aromaUc diols are monocyclic diphenols and in particular bicyclic dtphenols 
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carrying a hydroxy! group on each aromatic ring. The term aromatic is preferably laken to 
mean hydrocarbon-aromatic radicals, for example phenylene or naphthylene. Besides, for 
example. hydroquinone. resorcinol and 2.6- and 2.7-dihydroxynaphthalene. particular 
mention should be made of the bisphenols which can be described by the following formu- 
lae: 




The hydroxyl groups can be in the m-posilion, but in particular in the p-position, R' and 
R" in these formulae can be alkyl having 1 to 6 carbon atoms, halogen, such as chlorine or 
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bromine, or in particular hydrosen, and A can be a direct bond or -O, -S-, -(0)S(0)-, 
-C(0)-. -P(0)(C,-C2oaIlcyl)-, substituted or unsubstituted alkylidcne, cycloalkylidene or 
alkylene. 

Examples of substituted or unsubstituted alkylidene are ethylidene, 1.1- and 2,2.prDpyU- 
dene. 2.2-butylidene, 1.1-isobutylidene, peniylidene. hexylidene, heptylidene, ociylidene. 
dichioroethylidene and trichloroethylidene. 

Examples of subsUtuted or unsubstituted alkylene are methylene, ethylene, phcnylmethy- 
lene, diphenylmethylene and methylphenylmethylene. Examples of cycloalkylidene are 
cyclopentylidene, cyclohexylidene, cycloheptyHdene and cyclooctylidene. 

Examples of bisphenols arc bis(p-hydroxyphenyl) ether and thioether. bis(p-hydroxyphe- 
ny!) sulfone. bis(p-hydroxyphenyl)raethane. bis(4-hydroxyphenyl)-2.2'-biphenyl. phenyl- 
hydroquinone. 1 .2-bis(p-hydroxyphenyl)ethane. 1 -phenylbis(p-hydroxyphenyl)meihanc. 
diphenylbis(p-hydroxyphenyl)raethane, diphenylbis(p-hydroxyphenyl)ethane. bis(3.5- 
dimethyM-hydroxyphenyl) sulfone, bis(3.5-dimethyl-4-hydroxyphenyl)-p-diisopropyl. 
benzene, bis(3,5-dimethyl-4-hydroxyphenyl).m-diisopropylbenzene, 2,2-bis(3',5'-di- 
methyM'-hydroxyphenyDpropane. 1,1- and 2,2-bis(p-hydroxyphenyl)butane, 2.2-bis(p- 
hydroxyphenyDhexafluoropropane, 1.1-dichloro- and l.l.l-trichIoro-2,2-bis(p-hydrox>- 
phenyDethane, l.l-bis(p-hydroxyphenyl)cyclopentane and in particular 2,2-bis(p-hydn.*> 
phenyDpropane (bisphenol A) and l.l-bis(p-hydn>xyphenyl)cyclohexanc (bisphenol C» 

Suitable polyesters of hydroxycarboxylic acids are. for example, polycaprolactonc. polypi- 
valolactone and the polyesters of 4-hydroxycyclohexanecarboxyUc acid and 4-hydroxy- 
benzoic acid. 



Also suitable are polymers containing predominanUy ester bonds, but which can also coi 
tain other bonds, for example polyester amides and polyesterimides. 

Polyesters with aromaUc dicarboxylic acids have achieved the greatest importance, in pai 
ticular the polyaDcylene lerephthalates. fteferencc is therefore given to novel moulding 
compositions in which the polyester is built up from at least 30 moI%, preferably at least 
40 mol%. of aromatic dicarboxylic acids and at least 30 mol%, preferably at least 
40 mol%. of alkyienediols, preferably having from 2 to 12 carbon atoms, based on the 
polyester. 
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In this case, the alkylenediol is in particular linear and contains from 2 to 6 carbon atoms, 
for example ethylene glycol, trimeihylene glycol, tetramethylene glycol and hexamethy- 
lene glycol, and the aromatic dicarboxylic acid is in particular terephthalic acid and/or iso- 
phthalic acid. 

The novel process is likewise of particular interest when the polycondensate is a polyester. 

Particularly suitable polyesters are PET, PBT and corresponding copolymers, especial pre- 
ference being given to PET and its copolymers. The process also achieves particular im- 
portance in the case of PET recyclates, which are obtained, for example, from bottle col- 
lections, for example collections by the drinks indusu-y. These materials preferably com- 
prise terephthalic acid, 2,6-naphthalenedicarboxylic acid and/or isophthalic acid in combi- 
nation with ethylene glycol and/or 1.4-bis(hydroxymethyl)cyclohexane. 

The term polycarbonate (PC) is taken to mean both fresh polycarbonate and recycled poly- 
carbonate. PC is obtained, for example, from bisphenol A and phosgene or a phosgene 
analogue, such as trichloromethyl chloroformate, triphosgenc or diphenyl carbonate, by 
condensation, in the latter case genendly with addition of a suiuble transesterincation 
catalyst, for example a borohydride, an amine, such as 2-mcthylimidazole or a quatcmar> 
ammonium salt; besides bisphenol A, other bisphenol components can be used in addttii»n. 
and monomers which are halogenated on the benzene ring can also be employed. Partjcu 
larly suitable bisphenol components which may be meniioncd are 2.2-bis(4'-hydroxy- 
phenyDpropane (bisphenol A). 2,4'-dihydroxydiphenylmcihane, bis(2-hydroxyphenyl)- 
methane, bis(4-hydroxyphenyl)methane, bis(4-hydroxy-5-propylphenyl)methane, 1,1-bis- 
(4'-hydroxyphenyl)ethane, bis(4-hydroxyphenyl)cyclohexylmethane, 2,2-bis(4*-hydroxy- 
phenyl)- 1-phenylpropane, 2,2-bis(3\5'-dimelhyl-4'-hydroxyphenyl)propane, 2,2-bis- 
(3\5*-dibromo-4*-hydroxyphenyl)propane, 2.2-bis(3!.5'-dichloro-4*-hydroxyphenyl)pro- 
pane, i,l-bis(4*-hydroxyphenyl)cyclododecane, l,l-bis(3',S*-dimethyl-4*-hydroxy- 
phenyl)cyclododecane, 1 , 1 -bis(4'-hydroxyphenyl)-3,3,5-trimethylcyclohexane. 1 ,1 -bis- 
(4'-hydroxyphenyl)-3,3,5,5-ietramethylcyclohexane, 1 , 1 -bis(4'-hydroxyphenyl)-3,3.5-tri- 
methylcyclopentane and the bisphenols mentioned above. The polycarbonates may fur- 
thermore be branched by small amounts of monomers having a functionality of more than 
two (examples as given above for the polyesters). 

The novel process is also of particular interest when the polycondensate is a polycarbo- 
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nate. 



The polycondensate copolymers or blends which can be used in the novel process are pre- 
pared in a conventional manner from the starting polymers. TTie polyester component is 
preferably PBT and the PC component is preferably a PC based on bisphenol A. The poly- 
estenPC ratio is preferably from 95:5 to 5:95. a ratio in which one component makes up at 
least 75 % being particularly preferred. 

The invention achieves particular importance in the case of recycled polycondensates. as 
obtained from production waste, valuable material collections or return obligations, for 
example in the automobile industry or in the electrical sector. Here, the recycled polycon- 
densates are thermally and/or hydrolytically damaged in a variety of ways. In addition. 
Uiese recyclates can also contain minor amounts of admixed plastics having different 
structures, for example polyolefms. polyurethanes, ABS or PVC. These recyclates can 
also contain usual impurities, for example residues of dyes, adhesives. contact media or 
paints, traces of metal, traces of water, traces of oils and greases or inorganic salts. 

Sterically hindered hydroxyphenylalkylphosphonic esters and monoesters have been dis- 
closed, for example, in US-A-4 778 840 and are. for example, compounds of the formula I 




in which 

Ri is isopropyl. teit-butyl. cyclohexyl or cyclohexyl which is substituted by 1-3 C,-C4- 
alkyl groups. 

R2 is hydrogen, C,-C4alkyl, cyclohexyl or cyclohexyl which is substituted by 1-3 C1-C4- 
alkyl groups, 

R3 is Ci-Cjoalkyl, or unsubstituted or Ci-C4alkyl.suhstituted phenyl or naphthyl, 

R4 is hydrogen, Cj-Caoalkyl, unsubstituted or C,-C4alkyl-substiuited phenyl or naphthyl- 

oris—, 

M'"^ is an r-valent metal cation. 



wo 96/11978 



PCT/EP9S/03937 



-10- 



n is 1.2. 3, 4, 5 or 6, and 
risl.2or3. 

Ci-C2oalkyl substituenis are radicals such as methyl, ethyl, propyl, butyl, pentyl, hexyl, 
octyU stearyl or corresponding branched isomers; C2-C4alkyl radicals are preferred. 

Ci-C4alkyl-substituted phenyl or naphihyl, which preferably contains 1 to 3, in particular 
1 or 2. alkyl groups, is. for example, o-, m- or p-meihylphenyl, 2.3-dimethylphenyl, 2.4-di- 
raethylphenyl, 2,5-dimethyIphenyl. 2,6-dimethylphenyl, 3,4-dimeihylphenyl, 3,5-di- 
methylphenyl, 2-meihyl-6-ethyIphenyl, 4-ten-butylphenyl. 2-eihylphenyl, 2,6-diethylphe- 
nyl, 1-methylnaphthyl, 2-methylnaphthyl, 4-methylnaphthyl, 1,6-dimethylnaphthyI or 4- 
tert-butylnaphthyl. 

C|-C4alkyl-substituted cyclohexyl, which preferably contains 1 to 3, in particular 1 or 2, 
branched or unbranched alkyl radicals, is, for example, cyclopentyl, methylcyclopentyl. 
dimethylcyclopentyl, cyclohexyl, methylcyclohexyl, dimethylcyclohexyl, trimethylcyclo- 
hexyl or tert-butylcyclohexyl. 

A monovalent, divalent or trivalent metal cation is preferably an alkali metal cation, alka- 
line earth metal cation, heavy-metal cation or aluminium cation, for example Na\ K*^, 
Mg**, Ca**, Ba*^, Zn** or A!***. Particular preference is given to Ca**. 

Preferred compounds of the formula I are those which contain at least one tert-butyl group 
as Ri or R^. Very particular preference is given to compounds in which Rj and R2 are 
simultaneously tert-butyl. 

n is preferably 1 or 2. very particularly preferably L 

Very particularly preferred sterically hindered hydroxyphenylalkylphosphonic esters and 
monoesters are the compounds of the formula II and III. 
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H,C 




O 
II 

CHj-P — OCH2CH3 
CXJHjCHa 



(II) 




OCH2CH3 



(III) 



The compound of the formula n is commercially available as lrganox®1222 (Ciba-Geigy) 
and that of the fonnula in is commerciaUy available as Irganox®I425 (Ciba-Geigy). 

Based on 100 parts of polycondensate. preferably from 0.01 to 5 pans, particularly prefe- 
rably from 0.02 to 2 parts, in particular from 0.05 to 1 part, of a stericaUy hindered 
hydroxyphenylalkylphosphonic ester or monoester are employed. 

PolyfuncUonal. in particular difunctional, compounds from die epoxide class in the sense 
of this invenUon can have an aliphatic, aromatic, cycloaliphaUc, araliphatic or heterocyclic 
structure; they contain epoxide groups as side groups or these groups form part of an ali- 
cyclic or heterocyclic ring system. The epoxide groups are preferably bonded to the re- 
mainder of the molecule as glycidyl groups via ether or ester bonds, or the compounds are 
N-glycidyl derivatives of heterocyclic amines, amides or imides. Epoxides of these types 
are known in general terms and are commeicially available. 

The epoxides contain, for example, two epoxide radicals, for example those of the formu- 
la IV 



O 

— CH- (CHaV—c'^CH 
I P I I 

Rs Re R, 



(IV) 



in which, when R, and R7 are hydrogen, R« is hydrogen or methyl and p = 0; or. when R5 
and R7 together are -CHj-CHz- or -CHj-CHa-CHj-, R« is hydrogen and p = 0 or 1, where 
these radicals are bonded directly to carbon, oxygen, nitrogen or sulfur atoms. 
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Examples of epoxides which may be mentioned are: 

1. Diglycidyl and di(p-meihylglycidyl) esters obtainable by reacting a compound contai- 
ning two carboxyl groups in the molecule and epichlorohydrin or glycerol dichlorohydrin 
or p-methylepichlorohydrin. The reaction is preferably carried out in the presence of 
bases. 

The compounds containing two carboxyl groups in the molecule can be aliphatic dicarbo* 
xylic acids. Examples of these dicarboxylic acids are glutaric acid, adipic acid, pimelic 
acid, suberic acid, azelaic acid, sebacic acid or dimerized or u^imerized linoleic acid. 

However, it is also possible to employ cycloaliphaiic dicarboxylic acids, for example 
tetrahydrophthalic acid, 4-methylteU^ydrophthalic acid, hcxahydrophthalic acid or 4* 
methylhexahydrophthalic acid. 

It is also possible to use aromatic dicarboxylic acids, for example phthalic acid or iso- 
phthalic acid. 

2. Diglycidyl or di(P-methylglycidyl) ethers obtainable by reacting a compound contai- 
ning two free alcoholic hydroxyl groups and/or phenolic hydroxy! groups and a suitably 
substituted epichlorohydrin under alkaline conditions or in the presence of an acid catalyst 
followed by alkali treatment 

Ethers of this type are derived, for example, from acyclic alcohols, such as ethylene gly- 
col, diethylene glycol and higher poly(oxyethylene) glycols, propane- 1,2-diol, or poly- 
(oxypropylene) glycols, propane- 1, 3-diol, butane- 1,4-diol, poly(oxyteuaraeihylene) gly- 
cols, pentane-l,S-diol, hexane-l,6-diol, sorbitol and from polyepichlorohydrins. 

However, they are also derived, for example, from cycloaliphatic alcohols, such as 13- or 
1,4-dihydroxycycIohexane, bis(4-hydroxycyclohexyl)methane, 2,2-bis(4-hydroxycyclo- 
hexyOpropane or l,l-bis(hydroxymethyl)cyclohex-3-ene, or they contain aromatic rings, 
such as N,N-bis(2-hydroxyethyl)aniline or p,p*-bis(2-hydroxyethylamino)diphenyl- 
methane. 

The epoxide compounds can also be derived from monocyclic phenols, for example from 
resorcinol, pyrocatechol or hydroquinone; or they are based on polycyclic phenols, for 
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example on 4,4'-dihydroxybiphenyl. bis(4-hydK)xyphenyl)methane, 2.2-bis(4-hydroxy- 
phenyDpropane. 2^-bis(3,5-dibromo-4-hydroxyphenyl)propane,4,4*-dihydrqxydiphenyI 
sulfone. 9,9'-bis(4-hydroxyphenyl)nuorene, or on condensation products of phenols with 
formaldehyde obtained under acid conditions, such as phenol novolaks. 

3. Di(N-glycidyl) compounds are obtainable, for example, by dehydrochlorinating the 
products of the reaction of epichlorohydrin with amines containing two amino hydrogen 
atoms. These amines are. for example. anUine. toluidine, n-butylamine. bis(4-amino. 
phenyDmethane. m-xylylenediamine or bis(4-methylaminophenyl)methane. 

However, the di(N.glycidyl) compounds also include N.N'-diglycidyl derivatives of 
cycloalkyleneureas, such as ethyleneurea or 1.3-propyleneurea. and NJJ'-diglycidyl deri- 
vatives of hydantoins, such as of 5.S-dimethylhydantoin. 

4. Di(S-glycidyl) compounds, such as di-S-glycidyl derivatives derived from diihiols, for 
example ethane- 1 ,2-dithiol or bis(4-mercaptomethylphenyl) ether. 

5. Epoxides containing a radical of the formula IV in which Rj and R7 together are 
-CH2-CH2. and n is 0, for example bis(2,3-epoxycyclopentyl) ether, 2.3-epoxycyclopentyl 
glycidyl ether or l,2-bis(2.3-epoxycyclopentoxy)ethane: epoxides containing a radical of 
the formula IV in which R5 and R7 together are -CHj-CHj- and n is 1. for example (3*,4'- 
epoxy-6'-methylcyclohexyl)methyl3,4-epoxy-6-methylcyclohexanecartx)xylate. 

The abovementioned difunctional epoxides can, for example owing to the production pro- 
cess, contain small amounts of monofunctional or trifunctional components. 

Predominant use is made of diglycidyl compounds containing aromatic structures. 

It may also be possible to employ a mixture of epoxides having different structures. 

On the other hand, trifunctional and polyfunctional epoxides can be added in addition to 
give branches if desired. Such epoxides are, for example, a) liquid bisphenol A diglycidyl 
ethers, such as Araldil®GY 240, AraIdit®Gy 250, Aialdil®GY 260, Afaldil®GY 266, 
Araldit®GY 2600, Araldit®MY 790; b) solid bisphenol A diglycidyl etheis. such as 
Araldit®GT6071. Araldil®GT7071, Araldit®GT 7072. AraIdit®GT 6063, 
Araldit®GT 7203, Araldit®GT 6064, Araldit®GT 7304. AraIdit®GT 7004. 
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Araldit®GT 6084, Araldit®GT 1999, Araldit®GT 7077, AraIdit®GT 6097, 
Araidit®GT 7097, Araldit®GT 7008. Araldit®GT 6099. AraIdit®GT 6608. 
Araldit®GT 6609, Araldit®GT 6610; c) liquid bisphenol F diglycidyl ethers, such as 
Araldit®GY 281. Araldit®GY 282, Araldit®PY 302. Araldit®PY 306; d) solid polyglyci- 
dyl ethers of tetraphenylethane, such as CG Epoxy Resin®0163; e) solid and liquid poly- 
glycidyl ethers of phenol-formaldehyde novolak. such as EPN 1 138, EPN 1 139. GY 1 180. 
PY 307; f) solid and liquid polyglycidyl ethers of o-cresol-formaldehyde npvolak, such as 
ECN 1235. ECN 1273. ECN 1280. ECN 1299; g) Uquid glycidyl ethers of alcohols, such 
as Shell® glycidyl ether 162. AraIdit®DY 0390. Araldit®DY 0391; h) liquid glycidyl- 
esters of carboxylic acids, such as Shell®Caniura E terephthalates. trimellitates, 
Araldit®PY 284 or mixtures of aromatic glycidyl esters, for example Araldit®PT 910; 
i) solid heterocyclic epoxy resins (triglycidyl isocyanuraie), such as Araldit®PT 810; 
j) liquid cycloaliphatic epoxy resins, such as Araldit®CY 179; k) liquid N,N,0-triglycidyl 
ethers of p-aminophenol, such as Araldit®MY 0510; I) teu-aglycidyl-4-4*-meihylenebenz- 
amine or N,N,N*.N'-tetraglycidyl diaminophenylmethane, such as Araldit®MY 720 and 
Araldit®MY721. 

The difunctional epoxides are particularly preferably diglycidyl ethers based on bisphe- 
nols, for example on 2,2*bis(4-hydroxyphenyl)propane (bisphenol A)» bis(4-hydioxy- 
phenyl) sulfone (bisphenol S) or mixtuies of bis(ortho/para-hydroxyphenyl)methane (bis- 
phenol F). 

Very particular preference is given to solid epoxides of the bisphenol A diglycidyl ether 
type, for example Araldit® GT 6071. GT 7071, GT 7072, GT 6097 and GT 6099 or Uquid 
epoxides of the bisphenol F type, such as Araldit® GY 281 or PY 306. 

Based on 100 parts of polycondensate. preferably from 0.01 to 5 parts, particularly prefe- 
rably from 0.02 to 2 parts, in particular from 0.05 to 1 part, of a diepoxide are employed. 

Polyfunctional, in particular trifunctional, compounds from the oxazoline class in the 
sense of this invention are known and are described, for example, in EP-A-0 583 807 and 
are, for example, compounds of the formula V 
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) "12 (V) 



^11 



in which Rg, R9, Rjoand R,,. independently of one another, are hydrogen, halogen, 
Ci-C2oalkyl.C4-C,5CycloaIkyI, unsubstituted orC,-C4alkyl-substituted phenyl. C,-C; 
alkoxy orQ-C20carboxyalkyl. 



20' 



ift = 3. 



R12 is a trivalcnt linear, branched or cyclic aliphatic radical having 1 to 18 carbon atoms, 

which may be interrupted by oxygen, sulfur or )n-R,3 . or R,2 is fuithermowj an unsub- 
stituted or Ci-C4alkyl-substituted benzenetriyl radical. 



ift = 2. 



R12 is a divalent linear, branched or cyclic aliphatic radical having 1 to 18 carbon atoms. 

which may be interrupted by oxygen, sulfur or )n-R,3 . or R,2 is furthermore an unsub- 
stituted or Ci-C4aIkyI-substituted phenylene radical. 
Ri3 is C|-Cgalkyl, and 
tis2or3. 



Halogen is, for example, fluorine, chlorine, bromine or iodine, particularly preferably 
chlorine. 

Ci-Cjoalkyl is a branched or unbranched radical, for example methyl, cdiyl, propyl, iso- 
propyl, n-butyl. sec-butyl, isobutyl. tert-butyl, 2-ethyIbutyl, n-pentyl. isopentyl, 1-methyl- 
pentyl, 1,3-dimetiiylbutyl, n-hexyl. 1-methylhexyl, n-heptyl. isoheptyl, l,U.3-teira. 
raeUiylbutyl, l-raethylheptyl,3-methylheptyl. n-octyl. 2-ethylhexyl, l.U-trimethylhexyl, 
1.1.3,3-tetramethylpentyl. nonyl. decyl, undecyl, 1-meOiyIundecyl, dodecyl. 1.1.3,3,5,5. 
hexametiiylhexyl, tridecyl, tetradecyl, pentadecyl. hexadecyl, heptadecyl, octadecyl, eico- 
syl or docosyl. A preferred meaning of R,. R,. R,oand R„ is C,-C,2alkyl. in particular 
Ci-Cgalkyl. for example C,-C4alkyl. 
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Q-Cj5cycloalkyl, in particular C5-Ci2cycloalkyl is, for example, cyclobutyl, cyclopeniyl, 
cyclohexyl, cycloheptyl. cyclooctyl or cyclododecyl. Preference is given to C5-C8cyclo- 
alkyU in particular cyclohexyl. 

C|-C4alkyl-substituled phenyl which preferably contains 1 to 3, in particular 1 or 2. alkyl 
groups is, for example, o-, m- or p-methylphenyl. 2,3-dimethylphenyl. 2,4-dimcihyI- 
phenyl. 2,5-dimethylphenyl, 2.6-dimethylphenyl, 3,4-dimeihylphenyl, 3.5-dimethylphenyl, 
2-methyl-6-ethylphenyl, 4-iert-butylphenyl, 2-eihylphenyl or 2.6-dieihylphenyL 

CpCjoalkoxy is a branched or unbranched radical, for example methoxy, ethoxy, propoxy. 
isopropoxy, n-butoxy. isobutoxy. penioxy, isopentoxy. hexyloxy, heptyloxy, octyloxy, 
decyloxy. letradecyloxy, hexadecyloxy or octadecyloxy. A preferred meaning of Rg. R9, 
Rio and Rn is Ci-Ci2alkoxy, in particular CpCgalkoxy, for example Ci-C4alkoxy. 

C2-C2oCarboxyalkyl is a branched or unbranched radical, for example carboxymethyl, car- 
boxyethyl, carboxypropyl, carboxybutyl, carboxypentyl, carboxyhexyl, carboxyheptyl, 
carboxyoctyl, carboxynonyl, carboxydecyl, carboxyundecyl, carboxydodecyl, 2-carboxy- 
1-propyl, 2-carboxy-l-butyl or 2-carboxy-l-pentyL A preferred meaning of Rg, R9. R,o 
and Rj, is C2-Ci2carboxyalkyl, in particular C2-CgcarboxyaIkyl, for example C2-C4car- 
boxyalkyL 

A uivalent linear, branched or cyclic aliphatic radical having 1 to 18 carbon atoms, which 

may be interrupted by oxygen, sulfur or ^N-^n , means that the three bonds may be on 
the same or on different atoms. Examples thereof are methanetriyl, 1,1,1-ethanetriyl, 
1.1,1-propanetriyl, 1,1,1-buianetriyl, 1,1,1-penianetriyl, 1,1,1-hexanetriyl. 1,1,1-heptane- 
iriyl, 1,1,1-ocianeiriyl, 1,1,1-nonaneiriyl, 1,1,1-decaneiriyl, 1.1.1-undecanetriyl, 1.1,1-do- 
decanetriyl, 1,2,3-propanetriyl, 1.2,3-butaneiriyl, 1,2,3-pentanetriyl, 1,2,3-hexanetriyI, 
l,li3-cyclopentanetriyl. 1,3,5-cyclohexanetriyl, 3-oxo-l,l,5-pentaneiriyl, 3-thio-l,1.5-pen- 
taneuiyl or 3-methylamino-l,l,S-pentanetriyl. 

A divalent linear, branched or cyclic aliphatic radical having 1 to 18 carbon atoms, which 

may be interrupted by oxygen, sulfur or y^^u . means that the two bonds may be on 
the same or on different atoms. Examples thereof are methylene, ethylene, propylene, bu- 
tylene, pentylene, hexylene, heptylene, octylene, nonylene, decylene, undecylene or dode- 
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cylene. 



Unsubsiituted or C,-C4alkyl-substituted benzenetriyl, which preferably contains 1 lo 3, in 
particular 1 or 2, alkyl groups, is, for example, 1,2,4-benzenetriyl, 1,3.5-benzenetriyl. 3- 
meihyM.2,4-benEenetriyl or 2-methyl-l,3,5-benzenetriyl. Particular preference is given to 
1.2.4-benzenetriyland l,3,S-benzenetriyl. 

Of particular interest are compounds of the formula V in which 

Rg, R9, Rioand Rj,, indepednently of one another, are hydrogen or C,-C4alkyl. and 

Ri2 is 1,2,4-benzenetriyl or 13.5-benzenetriyl. 

Of especial interest are compounds of Uie formula V. for example 2,2'.2"-(1.3.5.benzenc- 
triyl)tris-2-oxazoIine: 2.2-.2' '-(1.2.4-ben2enetriyl)tris-4.4-dimethyI-2-oxa2oline: 2,2\2"- 
( 1.3.5-benzenetriyl)tris-4,4-dimethyl-2-oxa2oUne; 2.2\2"-( 1 .2.4-benzenetiiyl)tris-5- 
methyI-2-oxazoline;or2,2',2"-(l,3,5-benzenetriyI)iris-5-melhyI-2-oxazoline. 

Prefeired difiinctional compounds from the bisoxazoline class in the sense of this inven- 
tion have been described by T. Loontjens et al.. Makromol. Chem., Macromol. Symp. 75. 
21 1-216 (1993) and are, for example, compounds of the formula 






H 



or 



H 



H 



H 



H 




H 



H 
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Based on 100 parts of polycondensate, preferably from 0.01 to 5 pans, particularly prefe- 
rably from 0.02 to 2 parts, in particular from 0.05 to 1 part, of an oxazoline are employed. 
Further preferred bisoxazolines arc described in F. BtJhme et al.. Die Angewandte Makro- 
molekulare Chemie 224, 167-178 (1995) and in DE-A-4 140 333. 

Polyfunctional, in particular difunctional, compounds from the oxazine or oxazolone class 
in the sense of this invention are known and have been described, for example, by H. Inaia 
et al., J. Applied Polymer Science Vol. 32, 4581-4594 (1986) and are, for example, com- 
pounds of the formula Via or Vlb 



in which 

Ri4 is a direct bond or unsubstituted or Ci-C4alkyl-subsiituted phenylene, and 
Ri5 and Ri^, independently of one another, are hydrogen or C|-C4alkyl. 

Special preference is given to compounds of the formula Via and Vlb in which R]4 is a 
direct bond, in particular 2,2'-bi5(4H-3,l-benzoxazin-4-one). 

Based on 100 parts of polycondensate, preferably from O.OI to 5 parts, particularly prefe- 
rably from 0.02 to 2 parts, in particular from 0.05 to 1 part, of an oxazine or oxazolone are 
employed. 

Polyfunctional, in particular difunctional, compounds from the isocyanate class in the 
sense of this invention are known and are, for example, compounds of the formula VII 




(Via) 




0=C=N-R23-N=C=0 (VII) 
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in which R23 is Cj-Cjoalkylene or polymethylene. aiylene. aralkylene or cycloalkyl 



lene. 



Preferred diisocyanates are tetramethylene diisocyanate. hexamethylene diisocyanate. do- 
decamethylene dnsocyanate. eicosane 1.20-diisocyanate. 4-buiylhexaniethylene diisocya- 
nate. 2,2,4- and 2,4,4-trimethyIhexamethyIene diisocyanate. 0CN(CH2)2O(CH2)2NCO, 
toluene 2,4-diisocyanate. p-phenylene diisocyanate. xylylene diisocyanates. 3-isocyana'io- 
raethyl-3,5.5-trimethylcyclohexyl isocyanate. naphthalene diisocyanates. sulfonyl diiso- 
cyanates. 3,3'-. 4.4*- and 3.4*-diisocyanates of diphenylmethane. 2.2-diphenylpropane and 
diphenyl ether. 3.3'-dimethyl-4.4'-diisocyanatobiphenyl. 3,3'-dimethoxy-4.4*-diisocyana. 
tobiphenyl and 4.4'-diisocyanatodiphenylnieihane. 

These diisocyanates are commercially available or can be prepared from coraraercially 
available amines. 

However, it is also possible to employ diisocyanate generators, such as polymeric ure- 
thanes. uretdione dimers and higher oligomers, cyanurate polymers, urethanes and poly- 
meric urethanes of cyanurate polymers and diermally dissociable adducts of Schiff s 
bases. 

Based on 100 parts of polycondensate. preferably from 0.01 to 5 pans, particularly prefe- 
rably from 0.02 to 2 parts, in particular from 0.05 to 1 part, of an isocyanate are employed. 

Polyfunctional, in particular difunctional, compounds from the anhydride class in the 
sense of this invention are known and are, for example, compounds of the formula Vm 



^Y]f^° (vni) 

O o. o 



in which R24 is a radical of the formulae (VIIIa)-(VIIIj) 
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(Vllla) (Vlllb) 

(Vlllc) 



(vnid) 




(Vnie) 



(VIIIO (Vlllg) (Vlllh) 



(Vnii) 




in which R^s is -CHj-. -CHCCHj)-, -C(CH3)2-, -C(CF3)2-. -S-, -0-. -(O)S(O)-, -NHCO-, 
-CO- or -PCOKCi-Cjoalkyl)- and in which the aromatic rings in the foimulae Vma to 
Vllle are unsubstituted or substituted by one or more Ci-C^alkyl groups, Ci-Cgalkoxy 
groups or halogen atoms. 

An example of a trifunctional anhydride is mellitic anhydride. 

Preference is given to tetracarboxylic dianhydrides containing aromatic rings. These tetra- 
carboxylic anhydrides are commercially available. 

It may also be possible to employ a mixture of tetracarboxylic dianhydrides having diffe- 
rent structures. 
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Based on 100 parts of polycondensate, preferably from 0.01 to 5 parts, particularly prefe- 
rably from 0.02 to 2 parts, in particular from 0.05 to 1 part, of an anhydride are employed. 

PolyfuncUonal, in particular difunctional. compounds from the acyllactam class in the 
sense of this invention are known and are, for example, compounds of the fonnula IX 

n o o II 
in which s is a number from 1 to 16, in particular from 5 to 10, and 



R26 is an aromatic radical, for example one of the formulae: — ^ — * 

: Where R27 is one Of the radicals 
-CH2-. -C(0)-. -P(0)(C,-C,8alkyl)-. -(O)S(O)., -O- or-S-. 

Trifunctional compounds from the acyllactam class in the sense of this invention are- 
known and are. for example, compounds of the formula IXa 
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(IXa) 



in which z is a number from 1 to 16, in particular from 3 to 9. 



Preference is given to trifunctional acyllactams of the formula IXa in which the lactam 
rings are caprolactam or laurolactam. 

Based on 100 parts of polycondensaie. preferably from 0.01 to 5 parts, particularly 
preferably from 0,02 to 2 parts, in particular from 0.05 to 1 part, of an acyllactam are 
employed. 

Polyfunctional. in particular difunctional. compounds from the maleimide class in the 
sense of this invention are known and are, for example, compounds of the formula X 



in which 

R28 is an aliphatic, aromatic, cycloaliphatic or heterocyclic radical; and 

R29 and R30. independently of one another, arc hydrogen, Ci-C4alkyl, CpQalkoxy, 

phenyl or phenoxy. 



The aliphatic, aromatic, cycloaliphatic or heterocyclic radicals have a maximum of 40 car- 
bon atoms, can be unsubstituted or substituted, and can also be interrupted by -O, -S-, 
-(CH2)j.6% -C(0)- , -P(0)(CpC,8alkyl)- or -(O)S(O)- (which represents the radical 
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II 

ff >• Examples of possible substituents are C, -Cjgalkyl, C,-C,8alkoxy, 
O 

hydroxyl, phenyl and phenoxy. 

An aliphaUc radical Rjg is. for example, a C,-C,8polymethylene radical, which can be de- 
rived from alkyl radicals, such as methyl, ethyl, n-propyl. n-buiyl. sec-butyl, tert-butyl. n- 
hexyl, n-ociyl. 2-ethylhexyl, n-nonyl. n-decyl. n-undecyl. n-dodecyl. n-tridecyl. n-tetra- 
decyl. n-hexadecyl or n-octadecyl. or from further branched isomers. 

An aromatic radical Rj, is. for example, a radical having 6-40 carbon atoms, such as 
phenylene. biphenylene or naphthylene or represents phenylene or biphenylene radicals 
linked by one of the groups such as -a. -S-. -(CHj),^-, -C(0)-. -P(0)(C,-C,8alkyl)- or 
-(O)S(O)-. 

A cycIoaliphaUc radical Rjg is. for example, a radical having 5-10 carbon atoms, such as 
cyclopentylene. cyclohexylene or cyclooctylene. 

A heterocyclic radical Rjg is, for example, an N-containing 5- or 6.membered ring, such 
as pyridylene, pyridazylene or pyrazolylene. 




Rjg is preferably an aromatic radical of one of the formulae: 

"tj — ; where Rji is 




is one of the radicals -CHj-, 
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-C(0)-. -P(0)(C,-C,8alkyI)-, -(O)S(O).. -O- or -S-. 

R29 and R30, independently of one another, are preferably hydrogen or C|-C4alkyl; R29 is 
particularly preferably hydrogen and R30 is particularly preferably hydrogen or methyl; 
and R29 and R30 are very particularly preferably hydrogen. 

Very particular preference is given to compounds of the formula 




Bismaleimides are obtained by reacting diamines with maleic anhydride, and some are 
commercially available. Further suitable bismaleimides are described in WO-A-93/24 488 
(T.C Morton et al.). 

Based on 100 parts of polycondensate, preferably from 0.01 to 5 parts, particularly prefe- 
rably from 0.02 to 2 parts, in particular from 0.05 to 1 part, of a maleimide are employed. 

Polyfunctional compounds from the alcohol class in the sense of this invention are known 
and are, for example, pencaeiythritol, dipentaerythritol, tripentaerythritol, bisirimethylol- 
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propane. bistriraethylolethane. trismethylolpropane, soibitol, raaltitol. isomalUiol. laciitol, 
lycasine. mannitol, lactose, leucrose. tris(hydroxyeihyl) isocyanurate, palatinitol. tetra- 
methylolcyclohexanol. tetramethylolcyclopentanol, letramethylolcyclopyninol, glycerol, 
diglycerol. polyglycerol or l-O-a-D-glycopyranosyl-D-mannitol dihydrate. Particular pre- 
ference is given to pentaerythritol, dipentaeryduitol and tris(hydroxyeihyI) isocyanurate. 

Based on 100 parts of polycondensate. preferably from 0.01 to 5 parts, particularly prefe- 
rably from 0.02 to 2 parts, in particular from 0.05 to 1 pan. of a polyfunctional alcohol are 
employed. 

Polyfunctional, in particular difunctional, compounds from the carbodiimide class in the 
sense of this invention are known and are. for example, compounds of the formula XI 

Xl— R4o4n = C = N~R4Jn=:C = N-H^X2 (XI) 

in which 

R40, Rai and R42, independently of one another, are C, -C,2al)cylene, C6-C,.,cycloalkylene 
or unsubsUtuted or C,-C4aIkyl-substituied phenylene ornaphihylene, 

X, and X2, independently of one another, are hydrogen, -NH-CO-N ©r -NH-CO-OR4,. 

where 

R43. R44 and R45. independenUy of one another, are C,-C,2alkyl, Q-Cijcycloalkyl or 
unsubstituted or C|-C4alkyl-substitated phenyl or naphthyl, and 
V is a number from 0 to 100. 



Cj-C,2Alkylene is a branched or unbranched radical, for example methylene, ethylene, 
propylene, tetraraethylene, pentamethylene, hexamethylene, heptaraethylene. octamethy- 
lene, decamethylene or dodecamethylene. A preferred meaning of R43. R44 and R45 is, for 
example, C2-Cioalkylene. in particular C2-C8alkylene. 

Q-CiaCycloalkylene is a saturated hydrocarbon group having two free valences and con- 
taining at least one ring unit and is, for example, cyclohexylene, cycloheptylene or cyclo- 
octylene. Preference is given to cyclohexylene. 
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Unsubsiituted or C|-C4alkyl-subsUtuted phenylene or naphthylene is, for example. 1,2-. 
1,3- or 1.4-phenylene or 1.2-. 1,3-, 1,4-, 1,6-. 1,7-, 2,6- or 2,7-naphihylene, 1.4-Phenylene 
is preferred 

Ci-CijAlkyl is a branched or unbranched radical, for example methyl, ethyl, propyl, iso- 
propyl. n-butyl, sec-butyl, isobutyl, tert-butyl. 2-eihylbutyl, n-penlyl, isopentyl. 1-methyl- 
pentyl, 1,3-dimethylbutyl. n-hexyl 1-meihylhexyl, n-hepiyl, isoheptyl. l,1.3,3.tetra- 
methylbutyl. 1-methylheptyl, 3-methylhepiyl. n-ociyl. 2-ethylhexyl, 1,1,3-trimethylhexyl 
or 1 , 1 ,3.3-tetramethylpentyl. 

C^-Ci3Cycloalkyl is, for example, cyclohexyl, cycloheptyl, cyclooctyl or cyclododecyl. 
Preference is given to Cg-Cgcycloalkyl, in particular cyclohexyl. 

C|-C4Alkyl-substituted phenyl or naphthyl, which preferably contains 1 to 3, in particular 
1 or 2. alkyl groups, is, for example, o-, m- or p-methylphenyl, 2.3-dimethylphenyl. 2,4-di- 
methylphenyl, 2,5.dimethylphenyl, 2,6-dimethylphenyl. 3,4-dimethylphenyl, 3.5-di- 
methylphenyl, 2-methyl.6-ethylphenyl, 4-tert-bulylphenyl, 2.ethylphenyl 2,4.6-triisopro- 
pylphenyl, 2,6-diethylphenyl, 2-methylnaphthyl or l-meihylnaphthyl. 

An especially preferred carbodiimide is poly(2,4,6-UriisopropyH.3-phenylenecarbodi- 
imide) of the formula XIa 




H3C 



CH3 



N==C = N 



»3 



(XIa). 



V 



A further especially preferred carbodiimide is commercially available as stabilizer 7000® 
(manufacturer Raschig, Germany) of the formula Xlb 
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N=C=N 




(Xlb). 



Further suitable carbodiimides are described in EP-A-0 623 589 and in EP-A-0 628 541. 

Based on 100 parts of polycondensate, preferably from 0.01 to 5 parts, particularly prefe- 
rably from 0.02 to 2 parts, in particular from 0.05 to 1 part, of a polyfunctional carbodi- 
imide are employed. 

Polyfunctional compounds from the ester class in the sense of this invention are known 
and are described, for example, in EP-A-0 565 487. Preferred polyfunctional esters are, for 
example, compounds of the formula XII 




O 

— C— O-j-Rgj (XII) 



w 



in which 

Rjo is C|-Cigalkyl, Cj-Cjjcycloalkyl, phenyl or CT-Csphenylalkyl. 

R51 is hydrogen, Ci-Cigalkyl. Cs-Cijcycloalkyl, phenyl or CT-Cjphenylalkyl. 

q is 0. 1 or 2, 



^51 



nu nu HO— fV-C-CHg 

Q is-C„H2a-, or Au , where R5, is as defined 



I 

R, 



'53 



' "CH3 



above. 

m is an integer in the range from 0 to 3. 
R53 is Ci-Cgalkyt and 
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w is an integer in the range from 2 to 6. where. 
ifn = 2. 



R52 is a divalent radical of a hexose. a divalent radical of a hexitol. -CHa-C-CHjOH _ 

CH2OH 

\ 

.0 



-CH2-C=C-CH2- or \ I 7 , or 



CO- 



ifn=3. 



CH2CH2- 

R52 is a trivalent radical of a hexose, a trivalent radical of a hexitol, _^ J. ^. . ^. , 

-Cr^CH2-N*CH2CH2- 

I 

CH2"CH-CH3 
or I .or 

CH3-CH-CH2-N-CH2-CH-CH3 

ifn = 4, 

Rs2 is a tetravalent radical of a hexose, a tetravalent radical of a hexitol, 

CHa-iH-CHj CHj-dH-CHg -CH q 

C4-Cioalkanetetrayl, VcHjCHa-N'' , VT ^ or 

CH3-CH-CH2'' ^CH2-CH.CHa 1—/ 



-CH2 

o 



ifn = 5, 

R32 is a pentavalent radical of a hexose or a peniavalent radical of a hexitol, or 



wo 96/11978 



PCTCP9SW3937 



-29- 



if n = 6. 



-CHj CHj- 

„ I I 

R52 IS a hexavalent radical of a hexitol or -CHj-C-CHj-O-CHs-C-CH,- 

I 2 , "2 • 

"CH2 CH2* 

C,.C,8alkyl is a branched or unbranched radical, for example methyl, ethyl, propyl, iso- 
propyl. n-butyl. sec-butyl, isobutyl. ten-butyl. 2-ethylbutyl. n-pentyl. isopenlyl. 1-methyl- 
pentyl. 1 .3-dimethylbutyl. n-hexyl, 1-meihylhexyI. n-heptyl. isoheptyl. 1.1.3.3-tetra- 
methylbutyl. 1-methylheptyl. 3-methylheptyl. n-octyl. 2-ethyIhexyI. 1.1.3-trimethylhexyl. 
l.U.3-ietrametbylpentyl. nonyl. decyl. undecyl. 1-meihylundecyl. dodecyl, 1.1.3.3.5.5- 
hexamethylhexyl. tridecyl, tetnidecyl. pentadecyl. hexadecyl. heptadecyl or oc'tadecyl! 
One of the prefened meanings of R50 and R5, is C, -Cgakyl. in parUcular C,-C4alkyl. for 
example tert-butyl. 

C5-C,2cycloalkyl is. for example, cyclopentyl, cyclohexyl. cycloheptyl. cyclooctyl. cyclo- 
decyl or cyclododecyl. One of the prefened meanings of Rjo and R5, is Cs-C,cycIoalkyl. 
Particular preference is given to cyclohexyl. 

C7-C9phenylalkyl is. for example, benzyl, o-methylbenzyl, oua-dimethylbenzyl or 2- 
phenylethyl. Benzyl is prefened. 

If. for w = 2 to 6. R52 is a w-valent radical of a hexose. this is derived, for example, from 
allose. altiose. glucose, mannose. gulose. idose. galactose or talose, i.e. in order to obtain 
the conesponding compounds of the foraiula Xn. one. two. three, four, five or six -OH 
groups must be replaced by the ester group E-1, 




(E-1) 



in which Rjq, R,,, q and Q are as defmed above. For example, R,, can. for w = 5, be a 
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CH2O- 




If R52 is the w-valent radical of a hexitol, the corresponding compounds of the fonnula XII 
are obtained by replacing w -OH groups by the abovementioned esier group E-1. R52 can, 

i 

as a hexavalent radical of a hexitol be, for example, -O-CHg-CH-CH-CH-CH-CHj-O- . This 



O 
I 



0 O 

1 i 



group is derived from D-sorbitol. 



Preferred compounds of the fonnula XII are also, for example. 



(CH3)3C 




O 
II 



CHjCHj-C-O-CHa 



(CHaJaC 



(CH3)3C 



Ho/~V-CH,CH2-^ 



CHjCHg-C-O-CHgCHa-O-CHa. 



(CH3)3C 




O 

II 



CHaCHa-C-O-CHaCHj-S 



(CH3)3C 



2 




- - CH, 



J2 
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OH 




,C(CH3)3 



O 
II 



or 



CH3 



CH2-C-O-CH2 . 




C(CH3)3 



OH 



2 



A particularly preferred compound of the formula XII is peniaerythrityl ieirakis(3-(3,5-di- 
tert.bulyl-4-hydroxyphenyl)propionate] [Irganox® 1010 (Ciba-Geigy AG)]. 

Based on 100 parts of polycondensate, preferably from 0.01 to 5 parts, particularly prefe- 
rably from 0.02 to 2 parts, in particular from 0.05 to 1 part, of a polyfunctional ester are 
employed. 

It may also be possible to employ a mixture of various polyfunctional compounds. 

In addition to the sterically hindered hydroxyphenylalkylphosphonic ester or monoester 
and the polyfunctional compound, further stabilizers can be added to the polycondensate. 
These further stabilizers are known in general terms to the person skilled in the art and are 
selected with respect to the specific requirements of the final product. In particular* light 
stabilizers or antioxidants or further antioxidants can be added ("Plastics Additives Hand- 
book". Ed. R. Gachter and H. MuUer, Hanser Verlag, 3rd Edn.. 1990; in particular pp, 
88/89, 92/94, 251/252 and 258/259). It is likewise possible to add further additives, for 
example lubricants, mould-release agents, fillers or reinforcing materials, for example 
glass fibres, flameproofing agents, antistatics and, in particular in the case of PBT/PC re- 
cyclates, additives which prevent transesterification during processing. 

The following may be mentioned as being particularly suitable: 

1. Antioxidants 



1.1. Alkylated mononhenols . for example 2,6-di-tert-butyl-4-methylphenol. 2-tert-butyl- 
4.6-dimethylphenoI, 2,6-di-iert-butyl-4-cthyIphenol, 2.6-di-iert-butyl-4-n-buiylphenol. 
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2,6-di-iert-butyl-4-isobutyiphenoU 2,6-dicyclopentyl-4-niethyIphenol, 2-(a-methylcyclo- 
hexyl)-4,6-dimethylphenol,2,6-dioctadecyl-4-methylphenol, 2.4,6-tricyclohexylphenoK 
2,6-di-iert-buiyl-4-methoxymethylphenol, nonylphenols which are linear or branched in 
the side chains, for example. 2,6-di-nonyl-4-meihylphenol, 2.4-dimethyl-6-(r-meihyl- 
undcc-l-yl)phenol. 2.4-dimelhyl.6-(r-methylheptadec-r-yl)phenol, 2.4-dimethyl-6-(l - 
methyltridec-l-yl)phenol and mixtures thereof. 

I.2. Alkvlthi omethvlDhenols , for example 2.4-dioctylthiomethyl-6-tert-butylphenol, 
2,4-dioctylthiomethyl-6-meihylphenol, 2.4.diociylthiomethyl-6-ethylphenoK 2,6-di-do- 
decylthiomethyl-4-nonylphenol. 

13. Hvdroquinones and alkylated hvdroQuinones . for example 2,6-di-tert-butyl-4- 
methoxyphenol. 2,5-di-tert-butylhydroquinone, 2,5-di-iert-amylhydroquinone, 2,6-di- 
phenyl-4-octadecyloxyphenol, 2,6-di-tert-buiylhydroquinone. 2,5-di-tert-butyl-4-hydroxy- 
anisole, 3,5-di-tert-butyl-4-hydroxyanisole, 3.5-di-ieri-buiyl-4-hydroxyphenyl siearate. 
bis-(3,5-di-tert-butyI-4-hydroxyphenyl) adipaie. 



HO 

VS^ R 
1.4. Chroman derivatives of the fomula | || \y , where R is 

H,C 



-(CH2)3-CH(CH3)-(CH2)3-CH(CH3)-(CH2)3-CH.(CH3)2 or -CH2.CH2-0-C(0)-Z. and Z is 

R' 

Cj-Cigalkyl. -CHj-CHj-S-CpCigalkyi or CHj / \ — OH and R' and R' ' are 

R" 

hydrogen, methyl or ten-butyl, for example a-tocopherol. p-tocopherol, y-tocopheroK 
5-tocopherol and mixtures thereof (vitamin E). 

1.5. Hvdroxvlated thiodiohenvl ethers, for example 2.2'-thiobis(6-tert-butyI-4-methyl- 
phcnol). 2.2'-thiobis(4-octylphenol), 4,4'-thiobis(6-tert-buiyl-3-methylphcnol), 4,4'-thioi 
bis(6-tert-butyl-2-methylphenol),4,4'-thiobis-(3,6-di-sec-amylphenol).4,4'-bis-(2.6-dim- 
ethyM-hydroxyphenyl) disulfide. 
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1.6. Aikylidenebisphenols, for example 2,2'-raethylenebis(6-tert-butyl-4-methylphenoI), 
2.2'-methylenebis(6-tert-butyl-4-ethylphenol).2,2'-methylenebisr4-methyl.6-(a-methyl- 
cyclohexyDphenol], 2.2'-methylenebis(4-meUiyl-6-cyclohexylphenol). 2,2'-methylene- 

bis(6-nonyI-4-methylphenol).2^'.meihylenebis(4,6-di-teit-butylphenol),2.2'-ethylidene. 
bis(4,6-di-tert-butylphenol), 2.2'-ethyIidenebis(6-teit-buiyl-4-isobutylphenol). 2,2'-methy- 
lenebis[6-(a-meihylbenqrl)-4-nonylphenol3,2,2^raethylenebisl6-(a.o-dimethyIbenzyl)- 
4-nonylphenolJ,4,4'.inethylenebis(2,6-di-tert.butylphenol),4,4'-methylenebis(6-tert- 
butyl-2-methylphenoI), l,l-bis(5-tert-butyl-4-hydroxy-2-meihylphenyl)butane, 2,6-bis(3- 
ieri-butyl-5-raethyl-2-hydroxybenzyl).4-raethylphenol. 1 . 1 ,3-tris(5-teit-butyI-4-hydroxy- 
2-methylphenyl)butane. l.l-bis(5-tert-buiyl-4.hydroxy-2-meUiyl-phenyl).3-n-dodecylraer- 
captobutane, ethylene glycol bis[3.3-bls(3'-teii-butyl-4'-hydroxyphenyl)buiyraie]. bis{3- 
tert-butyl-4-hydroxy-5-methyl-phenyl)dicyclopentadiene. bisf2-(3'-ten-buiyl-2*-hydroxy- 
5'-inethylben2yl)-6-tert-butyl-4-methylphenylJterephthalate. 1 . 1 -bis-(3,5-dimethyl-2- 
hydroxyphenyDbuiane. 2,2-bis-(3,5-di-tert-butyM-hydroxyphenyl)propane. 2.2-bis-(5- 
leri-butyI-4-hydroxy2-methylphenyl).4-n-dodecylmercaptobuiane, l,U.5-tetra-(5-tert- 
butyI-4-hydroxy2-inethylphenyl)pentane. 

1.7. 0-. N- and S-benzvl compnimtte for example 3A3',5'-teira-ten-butyl-4.4'-dihydroxy- 
dibenzyl ether, octadecyl-4-hydroxy-3^-dimethylben2ylmercaptoacetate. tridecyl.4- 
hydroxy-3.5-di-tert-butylben2yImeicaptoacetate.tris(3,5-di.teii-buiyl-4-hydroxybenzyl)- 
amine. bis(4-tert-butyl-3-hydroxy.2,6-dimethylbenzyl)dithioiercphthalate. bis(3,5-di-iert- 
butyl-4-hydroxybenzyl)sulfide.isooctyl-3,5di-tert.butyl-4-hydioxybenzylmercaptoacetate. 

1.8. Hvdroxvbenzvlated malonates for example dioctadecyl.2.2-bis-(3,5-di-tert.butyl-2. 
hydroxybenzyI)-malonate,di-octadecyl-2.(3-teit-butyl-4-hydroxy-5-meihylbenzyl)-malo- 
nate, di-*)decyIraercaptoethyl-2,2-bis-(3,5-di-iert-butyl-4-hydroxybenzyl)malonate,bis- 
[4-(l,U.3-tetramethylbutyl)phenylJ-2>bis(3,5-di-tert-butyM-hydroxybenzyl)maIonate. 

1.9. Aromatic hvdroxvbe nzvl comoounA^. for example 13,5-trjs-(3,S-di-tert-butyl-4-hy- 
droxybenzyl>2A6-trimeihylbenzene,1.4-bis(3.5-di-tert.butyl-4-hydroxybenzyl)-23,5,6- 
ieiramethyIbenzene.2.4,6-tris(3,5-di-iert-butyl-4-hydroxybenzyl)phenol. 

1.10. Triazine Compounds, for example 2.4-bis(octylmercapto)-6-(3.S-di-tert-butyl-4- 
hydroxyanilino)- 1 .3,5-triazine, 2-octylmercapto-4,6-bis(3,5-di-tert-butyI-4-hydroxy- 
anilino)- 1 ,3,5.triazine. 2-octylmercapto-4,6-bis(3,5-di-tert-butyI.4-hydroxyphenoxy)- 
1.3,5.triazine,2,4,6-tris(3^-di-teit-bulyl-4-hydroxyphenoxy)-l,2.3-triazine. 1.3,5-iris- 



wo 96/11978 



PCT/EP9SA)3997 



-34- 



(3,5-di'tert-butyM-hydroxybenzyl)isocyanurate, 1.3,5-lris(4-teri-butyl-3-hydroxy-2,6-di- 
meihylbenzyDisocyanurate. 2 A6-tris{3^-di-teit-butyl-4-hydroxyphenylethyl)- 1 3,5-tri- 
azine. 13,5-tris(3^-di-tert-butyl-4-hydroxyphenylpropionyl)-hexahydro-13.5-triari^ 
l,3,5-tiis(3,5-dicyclohcxyl-4-hydroxyben2yl)isocyanurate. 

1.1 1. BenzvlDhosDhonates. for example diinethyl-2^-di-tert-butyl-4-hydroxybenzylphos- 
phonate, diethyl-3.5-di-tert-butyM-hydroxybenzylphosphonatc, dioctadecyI3.5-di-tert- 
butyM-hydroxybenzylphosphonate, dioctadecyl-5-tert-bulyl-4-hydroxy3-ineihylbenzyI- 
phosphonaie, the calcium salt of the monoethyl ester of 3.5-di-iert-butyI-4-hydroxybenzyl- 
phosphonic acid. 

1.12. Acvla minophenols . for example 4-hydroxylauranilide, 4-hydroxystearanilide, octyl 
N-(3,5-di-tert-butyl-4-hydroxyphenyl)carbamaie. 

1.13. Esters of B'(3.5-di -tert-butvl-4-hvdroxvphenvl)DroDionic acid with mono- or poly- 
hydric alcohols, e.g. with methanol, ethanol. n-octanol, i-ocianol, ociadecanol. 1,6-hexane- 
diol, 1,9-nonancdiol, ethylene glycol, 1,2-propanedioI, neopentyl glycol, thiodieihylene 
glycol, dieihylene glycol, triethylcne glycol, pentaerythritol. tris(hydroxyethyl) isocyanu- 
rate, N,N'-bis(hydroxyethyl)oxamide, 3-thiaundecanol, 3-ihiapeniadecanol, trimethyl- 
hexanediol, trimethylolpropane. 4-hydroxymeihyH-phospha-2,6.7-irioxabicyclor2.2,2]- 
octane. 

1.14. Esters of B-(5-tert-butvM-hvdroxv-3-methvlphenvl)Dropionic acid with mono- or 
polyhydric alcohols, e.g. with methanol, ethanol, n-octanol, i-octanol, octadecanol, 1,6- 
hexanediol, 1,9-nonanediol, ethylene glycol, 1,2-propanediol, neopentyl glycol, thiodi- 
ethylene glycol, dicthylene glycol, triethylene glycol, pentaeiythriiol, lris(hydroxyethyl) 
isocyanurate, N,N'-bis(hydroxyethyl)oxamide, 3-thiaundecanol, 3-thiapentadecanol. iri- 
methylhexanediol, trimethylolpropane, 4-hydroxymethyl-l-phospha-2,6.7-trioxabicyclo- 
[2.2.2]octane. 

1.15. Esters of B>(3.5*dicvclohexvl-4-hvdroxvphenvl)proDionic acid with mono- or poly- 
hydric alcohols, e.g. with methanol, ethanol, octanol, octadecanol, 1,6-hexanediol, 1,9- 
nonanediol, ethylene glycol, 1,2-propanediol, neopentyl glycol, ihiodiethylene glycol, di- 
cthylene glycol, triethylene glycol pentaerythritol, tris(hydroxyethyl)isocyanurate, N,N'- 
bis(hydroxyeihyl)oxamide, 3-thiaundecanol, 3-thiapentadecanol, irimelhylhexanediol, tri- 
methylolpropane, 4-hydroxymethyH-phospha-2,6,7-uioxabicyclo[2.2.2Joctane. 
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1.16. Estets of 3.5-di-tert-butvl-4-hvdroxvp hft nvl acetic acid with mono- or polyhydric 
alcohols. e.g. with methanol, ethanol. octanol. octadecanol. 1,6-hexanediol. 1.9-nonane- 
m. ethylene glycol. 1,2-propanediol, neopentyl glycol, thiodiethylene glycol, diethylene 
glycol, triethylene glycol, pentaerythritol, tris(hydroxyethyl)isocyanurate, N,N*-bis- 
(hydroxyethyl)oxamide. 3-thiaundecanol, 3-thiapentadecanol. trimethylhexanediol. ui- 
methyIolpropane.4-hydroxymethyl-l-phospha-2.6.7-trioxabicyclo[2.2.2]octane. 

1.17. Amides of g-(3.5-di-tert-hutvl-4.hvdmxvnh^n v i)propionic acid p N.N*-bis(33-di- 
tert-butyl-4-hydroxyphenyIpropionyl)hexamethylenediamine.N.N'.bis(3,5-di-ieri-butyl- 

4-hydroxyphenylpropionyI)trimethylenediamine,N,N'-bis(3.5-di-lert-butyl.4-hydrDxy. 
phenylpropionyl)hydrazine. 

1.18. Ascorbic acid (vitamin C) 

1.19. Aminic antioxidants , for example N.N'-di-isopropyl-p-phenylenediamine. N.N'-di. 
sec.buty|.p.phenylenediamine,N.N-.bi$(1.4.dimethylpentyl)-p-phenylenediamine.N.N'. 
bis(l-ethyl-3-methylpentyl)-p-phenylenediaraine,NJ^'.bis{l-methylheptyI)-p-phenylenc- 
diamine. N,N--dicyclohexyl-p.phenylenediamine.N,N'-diphenyI.p-phcnylenediaminc. 
N,N'-bis(2.naphthyl)-p-phenylenediaiiiine.N-isoprDpyI-N--phenyl.p-phenyIenediaminc. 
N-(U-dimethylbutyl)-N'-phenyl-p-phenylenediaraine,N.(l-methylheptyI).N'.pheny|.p 
phenylenediamine, N-cyclohexyl-N'-phenyl-p-phenylenediaraine. 4-(p-ioluenesulfamo>l . 

diphenylamine.N.N'-dimethyl-N.N'-di-sec-butyl-p-phenylenediamine.diphenyIaminc. 
N-allyldiphenylamine. 4-isopropoxydiphenylamine, N-phenyl-l-naphthylamine, N-(4- 
tert-octylphenyD-l-naphthylamine. N-phenyI-2-naphthylamine. octylated diphenylamine. 
for example p.p'-di-tert-octyldiphenylaraine. 4.n.butylaminophenol, 4-butyiylaminophe- 
nol, 4-nonanoylamino-phenol. 4-dodecanoylaminophenol, 4-octadecanoylaminophenol. 
bis(4-methoxyphenyl)amine, 2,6-di-teit.butyl-4-dimethylaininomethylphenol. 2,4'-di- 
aminodiphenylmethane, 4.4'-diarainodiphenyIraethane, NJ»1J^' X-tetramethyl-4,4'.di- 

aminodiphenylmethane. I.2-bis[(2-raeihylphenyl)aminoIethane.U.bis(phenylaraino)pro- 
pane. (o-iolyl)biguanide. Bisr4-(r.3'-dimethylbutyl)phenyIJamine. tcrt-octylated N-phe- 
nyl-l-naphthyJaraine, a mixture of mono- and dialkylated tert-bulyVtert-oclyldiphenyl- 
amines. a mixture of mono- and dialkylated nonyldiphenylamines, a mixture of mono- and 
dialkylated dodecyldiphenylamines. a mixture of mono- and dialkylated isopropyyisohex- 
yldiphenylamines. a mixture of mono- und dialkylated tcrt-butyldiphenylamines, 23-di- 
hydro-3.3-dimcihyl-4H.1.4-benzothiazine, phenothiazine. a mixture of mono- und dialky- 
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lated lert-butyl/tert-octylphenoihiazines, a mixture of mono- und dialkylated teri-ociyl- 
phenothiazines, N-allylphenothiazin, N,N»N\N -teiraphenyM,4-diaminobut-2-ene, N,N- 
bis(2,2,6,6-tetramethyl-piperid-4-yl-hcxamethylenediamine, bis(2,2,6,6-tetramethylpipe- 
rid-4-yl)sebacate, 2,2,6,6-ietramethylpiperidin-4-one, 2,2.6,6-teiramethylpiperidin-4-oL 

2. UV absorbers and light stabilisers 

2. i . 2-(2'-Hvdrox vphenvDbenzotriazoles . for example 2-(2'-hydroxy-5*-methylphenyl)- 
benzotriazole, 2-(3',5'-di-tert-butyl-2'-hydroxyphenyl)bcnzoiriazoIc. 2-(5'-icri-buiyl-2'- 
hydroxyphenyDbenzotriazole, 2-(2'-hydroxy-5*-(l,I,3,3'tetramethylbutyI)phenyl)benzo- 
iriazole. 2-(3\5*-di-tert-butyl-2'-hydroxyphenyl)-5-chIoro-benzotriazole. 2-(3 *-tert-butyl- 
2*-hydroxy-5'-methylphenyl)-5-chloro-benzotriazole, 2-(3'-sec-butyl-5'-ten-buiyl-2'- 
hydroxyphenyUbenzotriazole. 2-(2'-hydroxy-4'-octyloxyphenyl)benzoiriazole, 2-(3\5'- 
di-ten-amyI-2'-hydroxyphenyl)benzoiriazole, 2-{3',5*-bis-(a,a-dimethylbenzyl)-2'- 
hydroxyphenyObenzotriazole. mixture of 2-(3 -teri-butyI-2'-hydroxy-5'-(2-ociyIoxycar- 
bonylethyI)phenyl)-S-chloro-benzotriazole, 2-(3'-tert-butyl-5'-[2-(2-ethylhexyloxy)-car- 
bonylethyl]-2*-hydroxyphenyl)-5-€hloro-benzotriazole, 2-(3'-ien-butyl-2'-hydroxy-5-(2- 
methoxycarbonylethyl)phenyl)-S-chloro-benzotriazole, 2-(3-ten-butyI-2*-hydroxy-5-(2- 
methoxycarbonyIethy])phenyl)benzotriazole, 2-(3'-tert-buiyI-2*-hydroxy-5-(2-octyI- 
oxycarbonylethyDphenyObenzotriazole. 2-(3-tert-bulyl-5-{2-(2-ethylhexyloxy)carbonyl- 
ethyl]-2'-hydroxyphenyl)benzotriazole, 2-(3'-dodecyl-2'-hydroxy-5'-methyIphenyI)bcn/i» 
triazole, and 2-(3'-tert-butyl-2-hydroxy-5-(2-isoociyloxycarbonyIeihyI)phenylbcnzoiri- 
azole, 2,2-methylene-bisI4-(l,13,3-tetramethylbuiyl)-6-benzotriazolc-2-ylphcnolJ; the 
transesterification product of 2-[3 -tert-butyl-5 -(2-methoxycarbonyleihyl)-2 -hydroxy- 
phenyl]-2H-benzoiriazole with polyethylene glycol 300; (R-CHiCHj-COOCCHj)^ . 
where R = 3 -tert-butyl-4 -hydroxy-5 -2H-benzotriazol-2-ylphenyL 

2.2. 2-HvdroxvbenzoDhenones. for example the 4-hydroxy. 4-methoxy, 4-octyloxy, 4-de- 
cyloxy, 4-dodecyloxy, 4-benzyloxy. 4,2\4*-trihydroxy and 2*-hydioxy-4,4*-dimethoxy 
derivatives. 

2.3. Esters of substituted and unsubstituted benzoic acids , as for example 4-tertbutyl- 
phenyl salicylate, phenyl salicylate, octylphenyl salicylate, dibenzoyl resorcinol, bis(4- 
tert-butylbenzoyl) resorcinol, benzoyl lesorcinol, 2,4-di-tertbutylphenyl 3,5-di-tert-butyl- 
4-hydroxybenzoate, hexadecyl 3.5-di-tert-butyl-4-hydroxybenzoate, octadecyl 3,5-di-tcit- 
butyl-4-hydroxybenzoaie, 2-methyM.6-di-ieft-buiyIphenyl 3,5-di-tert-butyl-4-hydroxy- 
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benzoate. 



2.4. AcrYlates . for example ethyl a-cyano-p,Miphenylaciylaie. isooctyl o-cyano-p,M- 
phenylaciylate. methyl a-carboraethoxycinnamate. methyl o-cyano-p-methyl-p-methoxy- 
cinnamaie. butyl a-cyano-p-raethyl-p-methoxy-cinnaraate. methyl a-carbomethoxy-p- 
methoxyciraiamate and N-OH:arbomethoxy-p-cyanovinyl)-2-methylindoline. 

2.5. Nickel compounds, for example nickel complexes of 2,2'-thio-bis-I4-(1.1.3,3.tetra. 
methylbuiyDphenol], such as the 1;1 or 1:2 complex, with or without addition^d ligands 
such as n-butylamine. triethanolamine or N-cyclohexyldiethanolamine. nickel dibuiyldi- 
thiocarbaraate. nickel salts of the monoalkyl esters, e.g. the methyl or ethyl ester, of 4- 
hydroxy-3.5-di-tert-butylbenzylphosphonic acid, nickel complexes of ketoximes. e.g. of 
2-hydroxy-4-methylphenyl undecylketoxime. nickel complexes of l-phenyl-4-lauroyl.5. 
hydroxypyrazole, with or without addiUonal ligands. 

2.6.StericaUy hindered amines , for example bis(2,2.6,6-tctramethyl.4-piperidyl)sebacate. 
bis(2.2.6,6-tetramethyl-4-piperidyl)succinate,bis(1.2.2,6,6-pentamethyl-4-piperidyl)seba- 
cate. bis(l-octyloxy.2.2.6.6.tetramethyl.4.plperidyl)sebacate. bis(l,2,2.6.6-pentameihyl- 
4-piperidyl) n-butyl-3.5-di-ten.butyI^hydroxybcn2ylmalonate. the condensate of 1.(2- 
hydroxyethyl)-2,2,6,6-tetramethyl-4.hydroxypiperidine and succinic acid, the condensate 
of N.N'-bis(2.2,6.6-tetraraethyl-4.piperidyl)hexamethylenediamine and 4-tert-octyl- 
amino-2.6-dichloro-l,3,5-triazine.tris(2,2,6,6-teuanM;thyl.4-piperidyI)nitrilotriacetate. 
tetrakis(2.2.6,6.tetramethyl-4-piperidyl)-1.2,3,4-butane-tetracarboxylate. l,r-(1.2-ethane- 
diyl)bis(3,3,5,5-tetnunethylpipera2inone), 4-benzoyl-2,2,6.6-tetramethylpipeTidine. 4- 
stearyloxy-2.2.6,6-tetramethylpiperidine.bis(lA2,6,6-pentamethylpiperidyl)-2-n-butyl- 
2-(2-hydroxy.3.5.di.tcrt-butylben2yl)malonate, 3-n-octyl-7,7,9.9-tetraraethyl- 1 ,3,8-triaza- 

spin)[4.5]decaii-2.4-dion.bis(l-octyloxy-2A6.6-tetramethylpiperidyl)sebacate,bis(l- 
octyloxy.2,2,6.6-tetramethylpiperidyl)succinatc. the condensate of NJ^'-bis-(2,2,6.6-tetra- 
methyl-4-piperidyl)hexamethylcnediamine and 4-raoipholino-2.6.dichIoro.l,3,5-iriazine. 
the condensate of 2-chloro-4.6-bis(4-n-butylamino-2,2,6.6-tetramethylpiperidyl >1.3,5-tri- 
azine and l,2-bis(3-arafaopropylamino)ethane. the condensate of 2-chloro-4,6-di-(4-n. 
butylaraino-l,2,2,6,6-peniamethyIpiperidyl)-I,3.5-triazine and U-bis-(3-aminopropyl- 
amino)ethane,8-acetyl.3-dodecyl-7,7,9,9-tetramethyi-l,3,8-tria2aspifo[4.5Jdecanc-2,4- 
dione. 3-dodecyl-l-(2,2,6,6-tetramethyl-4-piperidyl)pyrrolidin.2.5.dione. 3-dodecyl-'l. 
(l,2.2.6.6-pentamethyl-4-piperidyl)pyrroIidine.2.5-dione. a mixture of 4-hexadecyloxy- 
and 4.stearyloxy-2,2,6.6-tetramethylpiperidine, a condensaUon product of N,N'-bis- 
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(2,2,6.6-tetrameihyl-4-piperidyl)hexainethyIencdiamine and 4-cyclohexylamino-2,6-di- 
chIoro-l,3.5-triazine, a condensation product of l,2-bis(3-aminopropylamino)ethane and 
2,4,6-trichloro-l,3,5-triazine as well as 4-butylamino-2,2,6,6-tetramethylpiperidine (CAS 
Reg. No. [136504-96-6]); N-(2,2.6,6-tetramethyl-4-piperidyl)-n-dodecylsuccinimid. N- 
( 1 ,2,2.6,6-pentainethyl-4-piperidyl)-n-dodecylsuccinimid, 2-undecyl-7, 7.9,9- tetramethyl- 
l-oxa-3.8-diaza-4-Dxo-spiro[4,S]decane, a reaction product of 7 J.9.9-teirameihyl-2-cyclo- 
undecyl-l-oxa-3,8-diaza-4-oxospiro [4,S]decane und epichlorohydrin. 

2.7. Oxamides , for example 4.4'-dioctyloxyoxanilide. 2.2'-dieihoxyoxanilide. 2.2*-dioc- 
tyloxy-5.5'-di-tert-butoxanilide, 2,2*-didodecyloxy-5,5*-di-iert-buioxanilide, 2-edioxy-2'- 
ethyloxanilide, N,N'-bis{3-diniethylaminopropyl)oxamide, 2-ethoxy-5-tert-butyl-2*-ethox- 
anilide and its mixture with 2-eihoxy-2'-ethyl-5,4'-di-tert-butoxanilide and mixtures of 
ortho- and para-methoxy-disubstituted oxanilides and mixtures of o- and p-ethoxy-disub- 
stituted oxanilides. 

2.8. 2>(2-Hvdrox vphenvD' 1 .3,5-triazines . for example 2,4,6-tris(2-hydroxy-4-octyIoxy- 
phenyl)- 1 3,5-triazine, 2-(2-hydroxy-4.octyloxyphenyl)-4,6-bis(2,4-dimethylphenyI)- 
1,3,5-triazine, 2-(2.4-dihydroxyphenyl)-4,6-bis(2.4-dimethylphenyl)-l ,3,5-lriazine. 2,4- 
bis(2-hydroxy-4-propyloxyphenyl)-6-(2,4-dimethylphenyl)- 1 ,3,5-tria2ine, 2-(2-hydroxy- 
4-ociyloxyphenyl)-4.6-bis(4-methylphenyl)-1.3.5-tria2ine, 2-{2-hydroxy-4-dodecyloxy- 
phenyl)-4,6-bis(2,4-dimethylphenyl)-l,3,5-triazine, 2-(2-hydroxy-4-uidecyIoxyphenyl)- 
4,6-bis(2.4-dimethylphenyl)-13.5-triazine, 2-[2-hydroxy-4'(2-hydroxy-3-butyloxy-pro- 
poxy)phenyl]-4,6-bis(2,4-dimediyl)- 1 3.5-triazine, 2-[2-hy droxy-4-(2-hy droxy-3-octyl- 
oxy-propyloxy)phenyl]-4,6-bis(2.4-diraethyl)- 1 3,5-triazine, 2-[4-{dodecyloxy/uridecyI- 
oxy-2-hydroxypropoxy)-2-hydroxy-phenyl]-4,6-bis(2,4-dimethylphenyl)-l,3,5-triazine, 2- 
(2-hydroxy-4-(2-hydroxy-3-dodecyloxy-propoxy)phenyl]"4,6-bis(2,4-dimethylphenyl)- 
l,3,S-triazine. 2-(2-hydroxy-4-hexyloxy)phcnyl-4,6-diphenyH,3,5-tria2ine. 2-(2- 
hydroxy-4-methoxyphenyl)-4,6-diphenyl-l,3»S-triazine, 2,4,6-tris[2-hydroxy-4-(3-bu- 
toxy-2-hydroxy-propoxy)phenyl]-1.3,S-triazine, 2-(2-hydroxyphenyl)-4-(4-methoxyphe- 
nyl)-6-phenyI- 1 ,3,5-triazine. 

3. Metal deactivators , for example N.N'-diphenyloxamide, N-salicylal-N*-salicyloyl 
hydrazine, N,N'-bis(salicyloyl) hydrazine, N,W-bis(3,5-di-ten-butyl-4-hydroxyphenyi- 
propionyl) hydrazine , 3-salicyloylamino-l,2,4-triazole, bis(benzylidene)oxalyl di- 
hydrazide, oxanilide, isophthaloyi dihydrazide, sebacoyl bisphenylhydrazide, N,N*-di- 
acetyladipoyl dihydrazide, N.N -bis(salicyioyl)oxalyl dihydrazide. N.N'-bis(salicyloyl)- 
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thiopropionyl dihydrazide. 

4. PhosphitM and phosphonites . for example triphenyl phosphite, diphenyl alkyl phos- 
phites, phenyl dialkyl phosphites, tris(nonylphenyl) phosphite, trilauryl phosphite, triocta- 
decyl phosphite, distearyl pentaerythritol diphosphite. tris(2,4-di-tert-butylphenyl) phos- 
phite, diisodecyl pentaeryUiritoI diphosphite. bis(2.4-di-tert-butylphenyl) pentaerythritol 
diphosphite. bis(2.6-di-!ert-butyl-4-methyIphenyl)-pentaerythritol diphosphite, diisodecyl- 
oxypentaeiythritol diphosphite, bis(2,4-di-tert-butyl.6-meihylphenyl)pentaeiythritol di- 
phosphite, bis(2,4,6-tris(tert.butylphenyl)pentaerythritol diphosphite, iristearyl sorbitol tri- 
phosphite. tetrakis(2,4-di.|ert-butylphenyl) 4.4--biphenylene diphosphoniie. 6-isooctyl- 
oxy-2,4.8,10.tetra-tert-butyl-12H.dibenz[d,gJ-U.2-dioxaphosphocin.6^0uoro-2.4.8.10. 
tetra-teit-butyl-12-methyI-dibenzId,g]-l,3,2-dioxaphosphocin. bis(2.4-di.teit-butyl-6. 

methylphenyl)raethylphosphite,bis(2,4-di-tert-butyl-6-niethylphenyl)ethylphosphite. 

Particular preference is given to the following phosphites: 
tris-(2.4-di-tert-butylphenyl) phosphite; 
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Very particular prefeience is given to tris(2,4-di-tert-butylpheny]) phosphite. 



5. Hvdroxvlamines. for example, N,N-dibenzy]hydroxylamine. N,N-diethylhydroxyi> 
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amine. N.N-dioctylhydroxylainine. N.N-dilaui7lhydroxyIamine, N,N-ditetradecylhy- 
droxylamine. N,N-dihexadecylhydroxylainine. N.N-dioctadecylhydroxylamine. N-hexa- 

decyl-N-octadecylhydroxylaraine.N-heptadecyl-N-octadecymydroxylamine.NJ^.dial^^^ 
hydroxylamine derived from hydrogenated tallow amine. 

6. Nitrones . for example, N-benzyl-alpha-phenyl-niirone. N-ethyl-alpha-methyl-nitrone. 
N.octyl-alpha.heptyl-niirone.N-lauiyl-alpha-undecyl-niiiDne.N-tetradecyl.alpha^ 
cyI-nitrone.N-hexadecyI-alpha-pentadecyl-niirone.N-octadecyl-alpha-heptadecyl-nitro^^ 
N-hexadecyl-alpha-heptadecyl-niirone. N-ocatadecyl-alpha-pentadecyl-nitrone. N-hepta- 
decyl-alpha-heptadecyl-nitrone. N-octadecyl-alpha-hexadecyl-nitrone. nitrone derived 
from N,N-dialkylhydroxylamine derived from hydrogenated tallow amine. 

7. ThiosynerRists . for example, dilauiyl thiodipropionate or disteaiyl thiodipropionate. 

8. Peroxide scavenReig , for example esters of p-thiodipropionic acid, for example the 
lauryl. steaiyl. myristyl or tridecyl esteis. mercaptobenzimidazole or the zinc salt of 
2-mcrcaptobenaraidazole, zinc dibutyldithiocarbamate, dioctadecyl disulfide, penta- 
erythritol tetcakis(p-dodecylmercapu>)propionate. 

P.PolYamidestabiUsers . for example, copper salts in combination with iodides and/or 
phosphonis compounds and salts of divalent manganese. 

10. Basic co-stabUisers . for example, melamine. polyvinylpyrrolidone, dicyandiamide. tri- 
allyl cyanurate. urea derivatives, hydrazine derivatives, amines, polyamides, polyure- 
thanes, alkali metal salts and alkaline earth metal salts of higher fatty acids for example 
calcium stearate. zinc stearate. magnesium behenate. magnesium stearate, sodium rici- 
noleate and potassium palmitate. antimony pyrocatecholate or tin pyrocatecholate. 

11. Nucleating agents, for example, inorganic substances such as talcum, metal oxides 
such as titanium dioxide or magnesium oxide, phosphates, carbonates or sulfates of, prefe- 
rably, alkaline earth metals; organic compounds such as mono- or polycarboxylic acids 
and the salts thereof, e.g. 4-tert-butylbenzoic acid, adipic acid, diphenylacetic acid, so- 
dium succinate or sodium benzoate; polymeric compounds such as ionic copolymeis 
("ionomers"). 

12. Fillers and reinforcing agents, for example, calcium cart)onate. sUicates, glass fibres. 
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glass bulbs, asbestos, talc, kaolin, mica, barium sulfate, metal oxides and hydroxides, car- 
bon black, graphite, wood flour and flours or fibers of other natural products, synthetic fi- 
bers. 

13. Other additives , for example, plasticisers, lubricants, emulsifiers, pigments, rheology 
additives, catalysts, flow-control agents, optical brighteners, flameproofing agents, antista- 
tic agents and blowing agents. 

14. Benzofuranones and indolinones , for example those disclosed in US-A-4 325 863. 
US-A-4 338 244, US-A-5 175 312, US-A-5 216 052, US-A.5 252 643. DE.A-4 316 611, 
DE-A-4 316 622, DE-A-4 316 876, EP-A-O 589 839 or EP-A-O 591 102 or 3-[4-(2-acei. 
oxyethoxy)phenyl]-5,7-di-tert-butyl-benzofuran-2.one, 5,7-di-tert-butyl-3.{4-(2-stearoyI- 
oxyethoxy)phenyl]benzofuran-2-one,3,3'-bis[5,7-di.ten-butyl-3-(4-[2-hydroxyethoxy]. 
phenyl) benzofuran-2-one], 5,7-di-tert-butyl-3-(4-ethoxyphenyl)benzofuran-2-one, 3-(4- 
acetoxy-3,5-dimethylphenyI)-5,7-di.tert-butyl-benzofuran-2-onei3.(3,5-dimethyl-4-piva- 
loyloxyphenyl)-5.7-di-tert-butyI-benzofunm.2-one. 

Preference is given here to light stabiUzcrs from classes 2.1, 2.6 and 2.7. for example light 
stabilizers of the Chimassorb 944, Chimassorb 1 19, Tinuvin 234, Tinuvin 312. Tinuvin 
622 and Tinuvin 770 type. Preference is furthermore given to aromatic phosphites and 
phosphonites. 

The solid-phase postcondensation is canied out in a known manner. Reference is made in 
this respect to EP-A-O 090 915 or the article by S.A. Jabarin et al.. Journal of Applied 
Polymer Science, Vol. 32. 5315-5335 (1986). In the novel process, the polycondensate is 
heated to a temperature from about 100 to S°C below the melting point. In the particularly 
preferred novel process, the polycondensate is heated to a temperature of from about 60 to 
5^, in particular from 40 to 5"^:. below the melting point In this temperature range* the 
polycondensate is treated in a stream of inert gas or under vacuum until the desired high 
viscosity or, if desired, branching, crosslinking or partial crosslinking of the polyconden- 
sate has been achieved. 

The sterically hindered hydroxyphenylalkylphosphonic ester or monoester and the poly- 
functional compound selected from the class consisting of the epoxides, oxazolines, ox- 
azoloncs, oxazines, isocyanates, anhydrides, acyllactams, maleimides, alcohols, carbodi- 
iniides and esters can, independently of one another, be, for the addition, in the form of li- 
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quids, powders, granules or in compacted fonn or alternatively on a suppon material, such 
as silica gel or together with a polymer powder or wax. such as a polyethylene wax. ' 

From 0.01 to 5 parts of a sterically hindered hydroxyphenylalkylphosphonic ester or mo- 
noester or from O.Ol to 5 parts of a sterically hindered hydroxyphenylalkylphosphonic 
ester or monoester and from 0.01 to 5 parts of a polyfunctional compound selected from 
the class consisting of the epoxides, oxazolines. oxazolones. oxazines. isocyanates. an- 
hydrides, acyllactams. raaleimides. alcohols, carbodiimides and esters are preferably 
added per 100 parts of polycondensate. From 0.02 to 2 pans, in particular from 0.05 to 1 
part, of a sterically hindered hydroxyphenylalkylphosphonic ester or monoester or from 
0.02 to 2 parts, in particular fiom 0.05 to 1 part, of a sterically hindered hydroxylphenyl- 
alkylphosphonic ester or monoester and from 0.02 to 2 pans, in particular from 0.05 to 1 
part, of a polyfunctional compound selected from the class consisUng of the epoxides, ox- 
azoUnes. oxazolones. oxazines. isocyanates. anhydrides, acyllactams. maleimides. alco- 
hols, carbodiimides and esters arc particularly preferably employed. 

The amount of stericaUy hindered hydroxyphenylalkylphosphonic ester or monoester and 
polyfunctional compound selected bom the class consisting of the epoxides, oxazolines. 
oxazolones. oxazines. Isocyanates. anhydrides, acyllactams. maleimides. alcohols. cart)o- 
diimides and esters depends on the initial molecular weight of the polymer and on the final 
molecular weight desired. For example, for a severely damaged polycondensate. i.e. of 
low molecular weight, preference is given to a sterically hindered hydroxyphenylalkyl- 
phosphonic ester or monoester or a sterically hindered hydroxyphenylalkylphosphonic 
ester or monoester and the polyfunctional compound selected from the class consisUng of 
epoxides, oxazolines. oxazolones. oxazines. isocyanates. anhydrides, acyllactams. male- 
imides. alcohols, cart)odiimides and esters in the upper weight range. If. by contiit. only 
a slight increase in molecular weight Is desired, the additive or additives is/are employed 
In low concentrations. 

If a crosslinked or partially crosslinked. I.e. insoluble, polycondensate is desired, a rela- 
tively high concentration of the polyfunctional compound containing more than two reac- 
tive groups in the molecule is preferably employed. 

It is furthennore possible to control the final molecular weight and the degree of ciosslin- 
king via the reaction time and via the temperature. 
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If the polycondensale is a recyclate, it can also be mixed with fresh material or employed 
together with fresh material, for example in a coextrusion process. Stabilization and mole- 
cular weight increase can in this case be carried out independently of one another. 

The invention furthermore relates to the use of a sterically hindered hydroxyphenylalkyl- 
phosphonic ester or monoester for increasing the molecular weight of a polycondensate. 
The preferences regarding the use coirespond to those for the process. 

The invention furthermore relates to the use of a mixture comprising at least one sterically 
hindered hydroxyphenylalkylphosphonic ester or monoester and a polyfunctional com- 
pound selected from the class consisting of theepoxides* oxazolines, oxazolones» ox- 
azines, isocyanates. anhydrides, acyllactams. maleiraides, alcohols, carbodiimides and 
esters for increasing the molecular weight of a polycondensale. The preferences regarding 
the use correspond to those for the process. 

The invention furthermore relates to a composition comprising a) a polycondensate recy- 
clate, and b) at least one sterically hindered hydroxyphenylalkylphosphonic ester or mono- 
ester. The invention furthermore relates to a composition comprising a) a polycondensate 
recyclate, b) at least one sterically hindered hydroxyphenylalkylphosphonic ester or mono- 
ester and c) at least one polyfunctional compound selected from the class consisting of the 
epoxides, oxazolines, oxazolones, oxazines, isocyanates, anhydrides, acyllactams, ma- 
leimides, alcohols, carbodiimides and esters. 

The preferences regarding the compositions correspond to those for the process. 

The invention furthermore relates to polycondensates obtainable by the novel process. 

The examples below illustrate the invention in greater detail without representing a limita- 
tion. Parts and percentages, as in the remainder of the description, relate to the weight, un- 
less otherwise stated. 

Examples 1 - 6 : Molecular weight increase of used PET material by solid-phase condensa- 
tion. 

A used PET material from a bottle collection (origin: Switzeriand) is extruded in a twin- 
screw extruder (Werner + Pfleiderer ZSK 25) at 260°C with the additives indicated in 
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Table 1. the extnidate is granulated, and the granules are subsequenUy subjected lo solid- 
phase condensation in a tumble dryer at 230-^ for 23 hours under a vacuum of approx. 
1 mbar. The intrinsic viscosity (nJ of the polymer is determined using a soluUon of 1 g of 
the polymer in 100 g of a 1:1 mixture of o-dichlorobenzene and phenol at 30°C. The re- 
sults are shown in Table 1. The higher the intrinsic viscosity, the greater the increase in 
molecular weight The note "insoluble" in the "intrinsic viscosity" column means that the 
intrinsic viscosity could not be measured since 1 g of the polymer was not soluble in 100 g 
of a 1 : 1 mixture of o-dichlorobenzene and phenol at 30°C. 



Table 1: 



Example 


Additives 


Intrinsic viscosity [i]] in (dl/g) 


after 
extrusion 


after 

solid-phase condensation 


1 




0.44 


0.89 


2 


0.25%of Irganox 1425 


0.47 


1.08 


3 


0.25 %of Irganox 1222 


0.51 


1.18 


4 


0.25 % of Irganox 1425 
0.25% of Irganox 1010 


0.47 


1.18 


5 


0.25% of Irganox 1425 
0.25 % of pentaerythritol 


0.48 


insoluble 


6 


0.25% of Irganox 1425 
0.25 % of Anddit GT 6071 


0.46 


insoluble 



Table 1 shows a clear increase in the intrinsic viscosity for Examples 2 to 6 according to 
the invention, indicating an increase in the molecular weight 

Irganox®1222 (Ciba-Geigy) is a compound of the formula II. 
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O 
II 

CH2-P — OCH2CH3 (11) 
OCH2CH3 



H3C '^"3 
Irsanox®142S is a compound of the formula ID. 




Ca2* (in) 



Irganox®1010 (Ciba-Geigy) is pentaerythrityl tetrakis-(3-(3,5-di-teit-butyl-4-hydroxy- 
phenyDpropionate]. 

Araldil®GT 6071 (Ciba-Geigy) is bisphenol A diglycidyl ciher having an epoxide numK-i 
of 2. 1 5-2.22 eq/kg and a softening range of 70-75°C. 

Examples 7 and 8 : Molecular weight increase of used PET material by solid-phase 
condensation. 



A used PET material from a bottle collection (origin: Switzerland) is extruded in a twin- 
screw extruder (Werner + Pfleidercr ZSK 45) at 280T with the additives indicated in Table 
2, the extrudate is granulated, and the granules are subsequently subjected to solid-phase 
condensation in a tumble dryer at 230^ for 23 hours under a vacuum of approx. 1 mbar. 
The intrinsic viscosity [ti] of the polymer is determined analogously to Examples 1 to 6 
using a solution of 1 g of the polymer in 100 g of a 1:1 mixture of o-dichiorobenzene and 
phenol at 30T, The results are shown in Table 2. The higher the intrinsic viscosity* the 
greater the increase in molecular weight The note "crosslinked" in the "intrinsic viscosity" 
column means that the intrinsic viscosity could not be measured since 1 g of the polymer 
was not soluble in 100 g of a 1 : 1 mixture of o-dichlorobenzene and phenol at 30^. 
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WHAT IS CLAIMED IS: 

!• A process for increasing the molecular weight of polycondensates, which comprises 
heating a polycondensaie in the temperature range below the melting point and above the 
glass transition temperature in the solid phase of the polymer with addition of at least one 
sterically hindered hydroxyphenylalkylphosphonic ester or monocster. 

2. A process according to claim 1, wherein at least one polyfunctional compound selected 
from the class consisting of the epoxides, oxazolines. oxazolones. oxazines. isocyanates. 
anhydrides, acyllactams, maleimides. alcohols, carbodiimides and esters is additionally 
employed. 

3. A process according to claim 1, wherein the polycondensate is a recycled polyconden- 
sate. 

4. A process according to claim 1. wherein the sterically hindered hydroxyphenylalkyl- 
phosphonic ester or monoester is a compound of the formula I 



in which 

Rj is isopropyl. tert-butyl. cyclohexyl or cyclohexyl which is substituted by 1-3 
C]-C4alkyl groups, 

R2 is hydrogen, C,-C4alkyl, cyclohexyl or cyclohexyl which is substituted by 1-3 C1-C4- 
alkyl groups, 

R3 is Ci-C2oalkyl, or unsubstituted or CpC4alkyl-substituted phenyl or naphthyl. 

R4 is hydrogen, Cj-C2oaIkyl. unsubstituted or C|-C4alkyl-substituted phenyl or naphthyl; 

oris — . 

M'"^ is an r-valent metal cation, 
n is 1, 2, 3, 4. S or 6, and 
r is 1,2 or 3. 
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5. A process according to claim 1, wherein the sterically hindered hydroxyphenylalkyl- 
phosphonic ester or monoester is a compound of the fomula II or m 




H,C 



O 

II 



CHj-P — OCHjCHg 
CXJHgCHg 



H,C 




Ca2* 



(III) 



6. A process according to claim 1. wherein the polycondensate is a polyamide. a poly- 
ester, a polycarbonate or a copolymer of these polymers. 

7. A process according to claim 1, wherein the polycondensate is a polyamide. preferably 
PA 6 or PA 6.6, or a corresponding recyclate or copolymer thereof. 

8. A process according to claim 1, wherein the polycondensate is a polycarbonate. 

9. A process according to claim 1, wherein the polycondensate is a PET. 

10. A process according to claim 2, wherein the poIyfuncUonal compound from the 
epoxide class is a compound containing epoxide radicals of the formula IV 



O 



in which, when R3 and R7 are hydrogen, is hydrogen or methyl and p s 0; or, when Rj 
and R7 together are -CHi-CHr or -CH2-CH2-CH2., R^ is hydrogen and p = 0 or 1. wheie 
these radicals are bonded diiecUy to carbon, oxygen, nitrogen or sulfur atoms. 



11. A process according to claim 2, wherein the polyfunctional compound from the aico- 
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hoi class is pentaeiythriiol or dipentaerythritol. 

12. A process according to claim 2, wherein the polyfunctional compound from the ester 
class is pentaerythrityl tetrakis[3-(3,5-di-teit-butyl-4-hydroxyphenyl)propionate]. 

13. A process according to claim 1, wherein from 0.01 to S parts of the sterically hindered 
hydroxyphenylalkylphosphonic ester or monoester are employed per 100 parts of polycon- 
densate. 

14. A process according to claim 2. wherein from 0.01 to 5 parts of the polyfunctional 
compound are employed per 100 parts of polycondensate. 

15. A process according to claim 1, wherein the polycondensate is heated at from 100 to 
below the melting point in the solid phase. 

16. The use of a sterically hindered hydroxyphenylalkylphosphonic ester or monoester for 
increasing the molecular weight of a polycondensate. 

17. The use of a mixture comprising at least one sterically hindered hydroxyphenylalkyl- 
phosphonic ester or monoester and at least one polyfunctional compound selected from the 
class consisting of the epoxides, oxazolines, oxazolones, oxazines, isocyanates, an- 
hydrides, acyllactams, maleimides, alcohols, carbodiimides and esters for increasing the 
molecular weight of a polycondensate. 

18. A composition comprising 

a) a polycondensate recyclate, and 

b) at least one sterically hindered hydroxyphenylalkylphosphonic ester or mono- 
ester according to claim 1. 

19. A composition according to claim 18. which additionally comprises at least one poly- 
functional compound selected from the class consisting of the epoxides, oxazolines. 
oxazolones. oxazines* isocyanates» anhydrides, acyllactams, maleimides. alcohols, carbo- 
diimides and esters. 

20. A polycondensate obtainable by a process according to claim 1 or 2. 



DTTERNATIONAL SEARCH REPORT 



Iirtena. ' Applicatroa No 

PCT/tP 95/03937 



I A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 C08K5/5333 C08L67/02 



C08J11/04 



Accofxiint to Intptutoful Patent Qamncation (IPC) cr to boOi national cUnnotiop and IPC 



B. FIELDS SEARCHED 



MuBmum doottncnutiao searched (danrtcation lyium foUowcd by daafication symboli) 

IPC 6 C08K 



I Documoiution aearcM other ttian minimuin dociancnlation to the 



extent that sich document are included in the fields tcuchcd 



Hectromc dato bate cowuHcd dunng the international learch (name of dau baie md. wh^ p«Pt,«i, 



I C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



GtatioB of docianent, with in^caootv wtm appropnatt, of die retevant 



pasafci 



Relevant to claim No. 



P.A 



X 

P.A 

X 

X 



W0.A.94 24188 (CIBA-6EIGY) 27 October 1994 

see page 6, paragraph 4 

see page 9, paragraph 5 

see page 10, paragraph 5 

see claims 1,2,6,7,10-16; examples 

WO. A, 95 23176 (CIBA-GEIGY) 31 August 1995 

see claims 1-10,13,14; examples 1,18 

EP,A,0 604 367 (CIBA-GEIGY) 29 June 1994 

see page 4, line 2 - page 5, line 1; 
claims 1-14; examples 

-/- 



1-6.9, 
10.13, 
16.18-20 



1.2 

1-6,10. 

16,18-20 

1,2 

1-7.10, 
16,18-20 



an lifted in me contnuahon of boi C. 



m 



Patent family mcmbcn art lisiBd in annex. 



* Spcdal catefinei of died documenn : 



t deflniag die gencnl Mc of the art whidi ii not 
» to he of pir«cular iclavinea 

*r earfkrdocuRMM but DuHldKdea or after UMlManattoaal 
filing date 

I 'L' docinimt«Mchauyttirowdoubli on priority daM 
wMdl la dted to c«atalidk die publieaDoa date of ac&r 
dtadOQ or ote special ream (aa ^edficd) 

I 'O* do oi B wn tttfcrriaf toaaorali 



*r laier document puttidied alter the intemational filing date 
orpnoniydataandnoCiiioonflictMth die applicatioo bu 
atcd to imdemaad Iht prindple or theory iBdolying die 



'P* document puhliAed prior to die insematsooal filing date but 
' later dian the priority dau claimed 



"X doeuRMntof pa7ticuUrrclevancr,diedaimedinvatfioo 
caMMt be conadeitd MVfl or cannot be conadBicd to 
iBvohw aa ittvoittvt Stop when dM doctiMnt |a Cikca alOM 

*¥* docuneat of pariicidar relevmoe; die daimed ia«entiOB 
cannot be oonadered to involve an inveadve sup when die 
docum ent is copbmBdaadi one or more odieritichdocti- 
noOi well wimb i Brtnn being obvious to a pcnon Ailkd 

m OMOL 

of the nmtpatoit family 



Ditt or dto actual eoRvieboa of dM iMcmational seanh 



24 January 1996 



Oato of miiUng of the iflfcmadonal search ftpoft 



I Namand nailing oddraaioC die ISA 

Eivopean Patent Ofllee, P.a. Sill Patcndaaa 2 
NL-22IOHVRijm)k 
Td. 3|.7(r> 34O.2040» Tk. SI 691 « id. 
Fac(^ 31-70) 340-3016 



Engel, S 



Pine PCr/BA/ati (isBMa taaeg (lety IflQ 



page 1 of 2 





INTERNAHONAL SEARCH REPORT 


bum ti Applici&oa No 

PCT/EP 95/03937 


CXCoatunulioa) DOCUMENTS CONSIDERED TO BE RELEVANT 


Cileiory* 


Quoon of document, with indication* when tpprophAte. of the reicvint pasuges 


Rdevtnl to clum No. 


P,X 


EP.A.O 628 588 (CIBA-GEI6Y) 14 December 
1994 

see page 5, line 34 - line 36; claims 
1,6-12; examples 




1-7,10, 
16.18-20 


A 


EP.A.O 559 953 (OAICEL CHEM. IND.) 15 
September 1993 

see claims 1,19,20,49; examples A3,A4 




1-6,8, 
17,20 


A 


DATABASE WPI 

Section Ch, Week 9201 

Derwent Publications Ltd., London, GB; 

Class A23» AN 9Z-002689 

& JP>,03 255 125 ( OAICEL CHEM IND KK) , 

14 November 1991 

see abstract 

& CHEHICAL ABSTRACTS, vol. 116, no. 10, 

9 Narch 1992 

Co1unbus» Ohio, US; 

abstract no. 84447, 'Manufacture of 

polycarbonates of high molecular weight' 

see abstract 




1-6,8 


A 


CHEMICAL ABSTRACTS, vol. 103, no. 20, 

18 November 1983 

Columbus, Ohio, US; 

abstract no. 161722, 

G. OZIN ET AL. 'Manufacrure of poly 

(ethylene terephthalate) with a reduced 

oligomer content II' 

see abstract 

& POLIMERI, 

vol. 6, no. 4-S, ZAGREB, 
pages 97*99, 




1-6,9 


A 


EP,A.O 501 545 (AGFA-GEVAERT) 2 September 
1992 

see claims 1»4,5; examples 1,10 




1.9 



page Z of 2 



INTERNATIONAL SEARCH REPORT 



lalBBik Apflicatioii No 

PCT/tP 95/03937 



PBteni document 
cited in search report 



Publication 
du« 



Pitent ramtty 
inember(i) 



Publication 
datt 



WO-A-9424188 


27-10-94 


AU-B- 


6677294 


08-11-94 


WO-A-9523176 


31-08-95 


AU-B- 


1665895 


11-09-95 


EP-A-604367 


29-06-94 


CA-A- 
JP-A- 


2111905 
6239879 


23-06-94 
30-08-94 


EP-A-628588 


14-12-94 


JP-A- 


7010990 


13-01-95 


EP-A-559953 


15-09-93 


JP-A- 
US-A- 
US-A- 
US-A- 


5310906 
5391690 
5387628 
5278279 


22-11-93 
21-02-95 
07-02-95 
11-01-94 


EP-A-501545 


02-09-92 


JP-A- 
US-A- 


5155994 
5185426 


22-06-93 
09-02-93 



Pan rCTAS/Wail (PMM tanlly iMts) ifvty imi 



